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BDOMINAL drains have been used since the early days of 
abdominal surgery. Then the surgeon, fearing to leave ligatures 
within the abdominal cavity, left the ends hanging from the wound, that 
he might tug at them from time to time until they loosened and came 
away. Again, an exigency compelled the surgeon to leave the wound 
open, as in one of the early hysterectomies (W. Burnham, 1853), in 
which the patient strained as the abdomen was opened and extruded the 
fibroid tumor. Being unable to replace it within the abdomen, the 
operator left the wound open, as did Koeberle in later years with the 
cervical stump after hysterectomy. The need of continued evacuation 
of septic or contaminating accumulations was early recognized, and finally 
Keath placed long glass tubes (Keath’s drains) to the depths of the 
abdomen, which were aspirated by long-nozzled hard rubber syringes 
at regular intervals, a procedure that passed out of use about fifty 
years ago. 

During the last war, becoming interested in the local reaction from 
waxed sutures and ligatures which had been popular with a previous 
generation of surgeons, I began an investigation which later included 
the reactions of the tissue to other foreign substances used as drains. 
Phases of the subject later were assigned to my surgical residents, Dr. 
Gerald Pratt,* Dr. Daniel Preston? and Dr. O. P. Large,’ during their 
three year terms of service. 


In the dog’s abdomen it was found that catgut sutures exposed on the 
peritoneal surface in closing an incision in the stomach were soon covered 
by dense adhesions ; over silk or cotton sutures there were adhesions but 
of lesser degree, while over stainless steel wire sutures no adhesions had 
formed at the end of two weeks. This showed the fallacy of trying to 
prevent peritoneal adhesions by peritonealizing denuded areas with catgut 
sutures. The catgut might even produce adhesions denser than those 


From the Surgical Department of Temple University School of Medicine. 
1. Pratt, G.: Steel Wire as a Suture Material, Surg., Gynec. & Obst. 74:845, 
1942 


2. Preston, D. J.: Effects of Suture on Strength of Healing Wounds, Am. J. 
Surg. 49:56, 1940. 


3. Large, O. P.: Comparison of Suture Reactions, Am. J. Surg. 40:415, 1943. 
365 


| 
a 


366 . ARCHIVES OF SURGERY 


that would form over an open denudation.* A result was the substitution 


reop 
of fine stainless steel sutures on peritoneal surfaces for those of catgut with 
wherever they seemed practicable.© Applying these observations to 
abdominal drains, it was evident that in some cases it was desirable to 
produce early adhesions to localize the drained area, while in others S 
adhesions would prevent the drainage of outlying septic areas and be accot 
harmful. It was known that gauze drains were isolated by the formation or 0 
of adhesions in one half hour to two hours. Was it possible, by using a drait 
drain made of material to which the peritoneum did not react, to drain form 
much or all of the peritoneal cavity? This was then considered impossible may 
by many surgeons. Like gauze, a section of rubber tubing left in the of th 
dog’s abdomen was found at the end of two weeks not only encased in chok 
dense adhesions but beginning to ulcerate into any adjacent hollow viscus. chol 
Trials with plastics (such as “bakelite,” “lucite” and “cellophane’’) case: 
produced marked fibroplastic reactions. Glass tubing and stainless steel with 
tubing left in the abdomen for two weeks, on the contrary, produced no dela 
adhesions. to fi 
In human practice repeated observations likewise indicated that drains renx 
made of glass or stainless steel could remain in the abdomen for several curr 
days without the formation of adhesions even though they communicated long 
with the outside air. Large open glass tubes (lamp chimney drains) and 
anchored with stainless steel wire sutures over intestinal suture lines The 
as a protection against leakage or necrosis of the bowel showed no the 
adhesions at the end of four days, and on their removal the adjoining forn 
intestinal coils floated over one another, free from adhesion. Similarly, und 
when the abdomen was opened for ileus several days after the insertion if 
of a large glass drain, no adhesions were found about the glass. of a 
Fatal bacteremia has followed the early removal of an adherent gauze tami 
drain from an extremely septic abdominal wound. Six such cases were of ar 
reported in a single year from the Philadelphia General Hospital. In such had 
removal lymph spaces are torn open, with entrance of bacteria into the an i 
circulation. The adherent area may be greatly reduced and the danger day, 
and pain of removal lessened by use of nonadherent drains, or, when gauze odor 
is used, by bringing it from the depths of the wound through a narrow exce 
tube of glass or stainless steel. This arrangement also may be life saving sup! 
when gauze packing is used to control hemorrhage, as from a lacerated beer 
liver. In such a case I have controlled a recurrent hemorrhage without othe 
4. Jenkins, H. P.; Hrdina, L. S.; Owens, F. M., Jr., and Swisher, F. M.: 
Absorption of Surgical Gut (Catgut): Duration in Tissues After Loss of Tensile 
Strength, Arch. Surg. 45:74 (July) 1942. Jenkins, H. P.: Absorption of Sur- ‘ 
gical Gut (Catgut): Recommendations for Absorbability and Digestibility Speci- = 
fications, ibid. 45:323 (Aug.) 1942. 
5. Jenkins, M. H.: Alloy Steel Wire (Babcock) Suture, Pennsylvania M. J. Drai 
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reopening the abdomen by packing additional gauze through the tube 
with a gauze packer, the gauze of course being used in a continuous strip. 


STAGE DRAINAGE 


Stage drainage under the protection of quarantine adhesions may be 
accomplished by anchoring, with fine stainless steel wire sutures, a glass 
or other tube of large caliber (chimney drains) over the part to be 
drained. A light gauze packing within the tube will stimulate the 
formation of adhesions, after the formation of which the septic collection 
may be evacuated through the tube without contaminating other parts 
of the peritoneal cavity. The mortality from simple cholecystostomy or 
cholecystectomy is high when used for extremely septic types of acute 
cholecystitis, but my colleagues and I have had no mortality in the 17 
cases in which this method was used. It is important to anchor the tube 
with wire sutures, which are tied over the upper edge of the tube, and to 
delay opening the gallbladder until after adhesions have formed, or four 
to five days. To open the gallbladder a circular portion of the wall is 
removed through the chimney drain by galvanocautery or high frequency 
current. The glass tube is permitted to remain in place two or three days 
longer for the formation of stronger adhesions, after which the stones 
and finally the retaining sutures are removed, and the tube withdrawn. 
The removal of the chimney drain and opening of the gallbladder during 
the first forty-eight hours after operation, or before adhesions had 
formed, led to fatal peritonitis in 2 cases in which the operator did not 
understand the method. 


The lamp chimney drain also may be used for the stage evacuation 
of a localized appendical or other intraperitoneal abscess without con- 
tamination of the general peritoneal cavity. The opening and drainage 
of an appendical abscess through the open peritoneal cavity had previously 
had a mortality of 6 per cent in my hands. With the drain anchored over 
an intestinal suture line, the degree of healing may be observed day by 
day, and necrosis and leakage detected by the color of the bowel or by the 
odor of the exudate tested with a sterile cotton swab. A similar drain, 
except for a curve, anchored by suture over the prostatic bed after a 
suprapubic prostatectomy, and containing a small aspirating tube, has 
been followed by a much smoother convalescence than any of the various 
other methods which we have tried. 


SUMP DRAINS 


For prolonged drainage of the general peritoneal cavity, I have used, 
since 1934, perforated tubes made of glass or stainless steel ; °,in the tube 


6. Babcock, W. W.: Wire Sutures, J. A. M. A. 102:1756 (May 26) 1934; 
Drains, Am. J. Surg. 27:67, 1935; 36:3, 1937. 
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is placed a second aspirating tube which is connected by rubber tubing 
with a water spigot aspirator or an electric pump of low capacity. A 
leq horse power or “flea power” motor with an intermediate collecting 
bottle is adequate if it is designed to run continuously for days without 
overheating or need of additional lubrication.*_ A sump drain is of great 
advantage when there is intraperitoneal exudation, leakage or contami- 
nation, as in the following conditions: 


Intraperitoneal Leakage from a Perforated Appendix with Diffuse 
Purulent Peritonitis*—A short, transverse, muscle-splitting incision is 
made, the appendix delivered, the base ligated, divided by cautery, and the 
divided mesoappendix ligated to the stump with the ends of the ligature. 
Without sponging or otherwise irritating the peritoneum, a perforated 
sump drain 6 to 10 mm. in diameter is inserted to the bottom of the 
pelvis, and the surrounding wound is lightly closed with fine interrupted 
stainless wire sutures. Aspiration is then started and continued without 
interruption. Beginning with thick, odorous pus, the aspirated fluid soon 
turns to a thin odorless seropus and then to clear serum, which gradually 
decreases to only 5 or 10 cc. a day; the drain is then withdrawn and the 
small opening permitted to close. By this plan the disability and period 
of hospitalization has been reduced, the patient being out of bed and 
the wound practically healed in twelve or fourteen days. Thus the 
operative time is shortened, painful dressings with liberation of adherent 
drains are eliminated and the incidence of secondary peritoneal abscesses, 
troublesome adhesions and incisural hernia is reduced. 

In rupture or perforation of the stomach or bowel, aspiration drain- 
age is of great value. For example, in a patient with an obstructive 
carcinoma of the transverse colon, who had continued to take solid food 
and also had been given barium by mouth and by enema for roentgen 
study, the greatly distended colon burst when exposed and elevated, 
instantly flooding the abdominal cavity with a great quantity of barium 
and other intestinal contents. The diseased portion of bowel was quickly 
exteriorized and two,sump drains inserted into the upper part of the 
abdomen, and a third through a suprapubic stab wound to the bottom 
of the pelvis. Although fecal particles were evacuated by the pelvic 
sump to the seventh day, signs of active peritonitis did not develop and 
the patient recovered from the operation, to succumb several years later 
to metastatic growths in the liver. 

In the last 11 consecutive complete gastrectomies I have used sump 
drains with but 1 fatality. In 3 patients the esophagoduodenal anasto- 
mosis leaked, but spontaneous closure and a satisfactory operative 


7. Babcotk, W. W.: Improvements in Abdominal Drainage, Proc. Postgrad. 
M. Assemb. North America, 1938, p. 166. 

8. Babcock, W. W.: Prevention and Control of Peritonitis, Mississippi 
Doctor 20:147, 1942. 
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recovery then followed. In many of these patients additional cigafet 
drains to produce adhesions also are desirable. 

Biliary Surgery.—After cholecystectomy and operations on the bile 
ducts, sump drains have been used routinely during the past eight 
years and have demonstrated that after many cholecystectomies in which 
the cystic duct is doubly ligated, from 30 to 1,500 cc. of bile and bloody 
serum leaks into the peritoneal cavity during the first three days after 
operation. The bile evidently escapes from accessory bile ducts usually 
on the denuded surface of the liver, and by its immediate evacuation 
the convalescence has been more rapid and uniform. 

As the sump, properly used, is capable of taking care of any leakage 
of bile, in operations on the common duct we have discontinued the use 
of T or other intraductal rubber tube drains, closed the duct with 
extremely fine interrupted stainless steel wire sutures and placed the 
tip of the sump drain close to the suture line. Usually bile is then 
evacuated for the first two or three days after the operation. When this 
ceases the drain is removed. By this procedure a low mortality is 
obtained and the patients, instead of having draining tubes and sinuses 
for weeks after an operation on the common duct, usually are healed 
and able to leave the hospital within ten days of the operation. More- 
over, the irritation and secondary ascending infection of the ducts from 
indwelling rubber tubes are eliminated. 

Resection of the Large Bowel for Carcinoma.—After resection and 
primary end to end anastomosis of the large bowel, an adjacent sump 
drain is used routinely to keep the peritoneal cavity relatively dry of 
blood and serum, which may spread the infection. Should the edges of 
the bowel fail to unite and leakage occur, the change in color and odor 
of aspirated fluid demonstrates the condition and usually a fistula forms 
along the drainage tract, which in most cases closes spontaneously. To 
stimulate the formation of adhesions about the anastomosis the suction 
drain of Chaffin, made of a loop of perforated rubber tubing, may be 
used. Convenient for aseptic intestinal anastomosis are the Furniss and 
other modifications of the Donati clamp. The narrow edges of con- 
tiguous bowel shirred on the pin are convenient to sew over and facilitate 
the rotation of the bowel in suturing the opposite side. Combined with 
the use of sump drains, the results have been so satisfactory that 
although we have performed radical operations for cancer of the large 
bowel in 97 per cent of the patients presenting themselves in the last 
three and one-half years, only one stage operations,have been performed 
unless there was perforation.® 

Carcinomas of the large bowel 11 cm. or more above the anal verge 
have been treated by excision and end to end aseptic anastomosis. Those 
from 5 to 10 cm. above the anus have been treated by wide trans- 


9. Babcock, W. W., and Bacon, H. E.: Carcinoma of the Rectum: One Stage 
Abdominoperineal Proctosigmoidectomy, S. Clin. North America 22:1631, 1942. 
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abdominal liberation of the rectosigmoid, followed by abdominal closure lymp! 
with a sump drain to the pelvic floor.1° The rectum is then disinfected of th 
and occluded by packing with gauze wet with tincture of iodine, and a chanc 
posterior midline incision is made through the sphincters and the pelvic aspir 
floor to the coccyx. The rectum is divided and liberated above the of sp 
sphincters and, with the sigmoid, pulled through the split anal ring. than 
The pelvic floor is then reconstructed in layers with interrupted 32 inal ‘ 
stainless wire sutures, and closed without tension about the withdrawn insur 
sigmoid, which is amputated 6 to 10 cm. beyond the anus after dressings I thi 
have been applied. This leaves the withdrawn bowel surrounded by the floor 
divided sphincters. A week later the redundant protruding bowel is sary 
removed by a snare or cautery, and the short stump retracts, forming wise 
a linear union with the upper edges of the anal mucosa just above the 
sphincters. As no perineal drains are used the linear midline scar is : 
inconspicuous and the anus has a normal appearance and retains con- D 
tractile power. phase 
For the small percentage of carcinomas of the anus and adjacent — 
part of the rectum, a wide perineal resection is used with removal of may | 
enlarged inguinal lymph nodes. As an indication of the advantage of en 
adequate drainage, in a recent series of 100 consecutive cases of car- the 
cinoma of the large bowel, all treated without abdominal colostomy, esas 
there were only 2 patients with malignant disease too far advanced for ter? 
radical operation; and of the remaining 98 patients, after radical resec- ; 

tion only 4 died in the hospital—1 of coronary occlusion and 3 who had prsecape 
advanced metastasis to the liver. In 615 radical operations for cancer of Sait 
the large bowel, about 20 per cent of the patients had metastasis to the afin 
liver and others had invasion of bladder, small intestine, uterus, ureter aides 
or other part, yet with adequate drainage the mortality and morbidity proce 
from radical resection of the primary growth has become less than that prote 
from a Paul-Mikulicz operation. Many of the patients with carcinoma sary 
of the liver have lived two years or more after radical operation, and 1 if 
has lived over seven years. devel 

With the use of sump drains the operative treatment of ulcerative obstij 
and polypoid colitis also has changed. Instead of a primary ileostomy, ance 
which is responsible for a mortality of 6 to 8 per cent, a primary single the ¢ 
stage hemicolectomy with end to end anastomosis between ileum and Mille 
colon is performed, followed at a second stage by removal of the residual sudde 
diseased portion of the large bowel to the rectum and an aseptic warn 
ileoproctorrhaphy. show 

ELIMINATION OF COLOSTOMY not r 

A large percentage of patients with a colostomy opening after the con- 
ventional Miles operation for carcinoma of the rectosigmoid or to relieve ‘ 

10. Babcock, W. W.: Operative Treatment of Carcinoma of the Rectosigmoid, suctic 
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lymphopathy of the rectum, ulcerative or polypoid colitis, diverticulitis 
of the sigmoid or rectal injury from heavy irradiation welcome the 
chance of having the colostomy transplanted to the perineum. With 
aspiration drainage this has a low mortality, and even in the absence 
of sphincters patients find the perineal opening much more convenient 
than one in the abdomen. Measures similar to those used after abdom- 
inal colostomy are, for the perineal opening, even more satisfactory to 
insure regulated, complete evacuations and periods free from leakage. 
I think the present widespread tendency to sacrifice the normal pelvic 
floor and sphincters and to mutilate the abdominal wall with an unneces- 
sary colostomy is inexcusable, and I have now transplanted or other- 
wise eliminated over 60 abdominal colostomy openings. 


DIAGNOSIS OF ABDOMINAL CONDITIONS BY USE OF DRAINS 


Diagnosis of abdominal conditions by the use of drains is a neglected 
phase of the subject. With the patient under local anesthesia and without 
removing him from his bed, a small opening through the abdominal wall 
may be made by a trocar or scalpel and a narrow (6 mm.) suction drain 
introduced to nearly any part of the abdominal cavity. On aspiration 
the withdrawn fluid may at once indicate the diagnosis and the 
necessary treatment. The acid mucilaginous fluid from a perforated 
peptic ulcer, the blood from an ectopic pregnancy or lacerated liver, the 
beef broth fluid containing amylase from pancreatitis, the gas and intes- 
tinal contents from a damaged bowel, urine from a ruptured bladder, 
the milky pus of gonorrheal salpingitis, serum containing tubercle bacilli 
from tuberculous peritonitis or cancer cells from a malignant peritoneal 
indicate the advantage of drainage aspiration in the detection of intra- 
abdominal disease. Not only may the withdrawn fluid be diagnostic, 
process but by continued aspiration through the drain the patient may be 
protected in a measure while preparations are being made for a neces- 
sary operation. 

In the postoperative period aspiration drainage has indicated the 
development of an ileus hours before distress, abdominal distention, 
obstipation or obstructive vomiting has occurred, by the sudden appear- 
ance of quantities of clear serum in the aspirating bottle. As soon as 
the obstruction has been overcome, as by the use of a duodenal or 
Miller-Abbott tube, the serous effusion rapidly subsides. Likewise, the 
sudden appearance of fresh blood in the drain has given immediate 
warning of a postoperative hemorrhage, while its sudden cessation has 


shown that the hemorrhage has ceased and that an operation was then 
not required. 


DRAINAGE OR INTUBATION OF THE GASTROINTESTINAL CANAL 


A Jutte or Levin nasal duodenal tube connected with a Wangensteen 
suction apparatus is useful after partial or complete gastrectomy and 
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after operations on the intestinal tract. The Abbott-Rawson double tube 
also is used, one arm being inserted in the proximal and one arm in the 
distal loop of the jejunum connected with the stomach or the esophagus. 
When the wearing of such tubes is long continued, serious ulceration of 
the glottis, the pharynx and the upper part of the esophagus may occur 
and even necessitate tracheostomy. We consider it preferable, therefore, 
where a complete or nearly complete gastrectomy has been done on a 
patient with seriously impaired nutrition, to insert a 16 F. catheter in 
the jejunum at the time of operation. The tube is fastened in place with 
two purse string sutures and the bowel also anchored to the overlying 
abdominal wall. With such a tube it is possible to feed the patient soon 
after the operation, as well as to decompress the upper part of the 
intestinal tract. 

With resections of the colon on the right, the contents being liquid, 
an ileostomy rarely is required. Should distention develop, aspiration 
on an indwelling duodenal tube usually is all that is necessary to relieve 
distention. With resection of the left half of the colon, the contents 
being semisolid, it is desirable to have a temporary proximal vent until 
the anastomosis is functioning properly. 

The simplest procedure is an appendicostomy, a 16 F. catheter being 
passed through the appendix. This may be done through a 1 or 2 cm. 
transverse, stab wound incision. The hand introduced through the 
operative incision elevates the abdominal wall from the intestines at 
McBurney’s point. A straight narrow bistoury is then thrust through 
the abdominal wall to the protecting fingers beneath, withdrawn, and 
a curved Péan forceps substituted. The tip of the appendix is then 
grasped under direct vision through the main wound. The appendix is 
withdrawn without dividing the mesoappendix, dressings applied about 
it, the appendix incised, and a 16 F. catheter introduced through the 
appendix into the cecum, which is pulled up against the anterior abdom- 
inal wall. The appendix is ligated over the contained catheter with two 
ligatures, each of which is tied over a dental cotton roll to prevent the 
appendical stump from retracting into the abdominal cavity. Gentle to 
and fro irrigations through the catheter are used in the early post- 
operative period every two to four hours. To break down solid fecal 
material a 10 per cent solution of hydrogen peroxide is substituted. 
Several days later, when it is desired to produce an evacuation, 75 to 
150 cc. of a 50 per cent glycerin solution is introduced through the 
catheter. This usually acts within ten or fifteen minutes. By the daily 
insertion of a larger catheter, we have been able to introduce a 28 rectal 
tube in seven to ten days. If the appendix has been removed or is 
atrophic, a cone of loose cecum is grasped by the forceps and withdrawn 
through the small transverse stab wound at McBurney’s point. Two 
purse string silk sutures are inserted, the mucosa exposed and opened, 
under protection of surrounding gauze, and a 16 F. catheter with addi- 
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tional holes is tied in with the two purse string sutures, which are 
likewise tied over dental cotton rolls at each side of the cone of bowel. 
By using a small.incision there is little possibility for intra-abdominal 
leakage during the procedure. With persistent frequent gentle irriga- 
tions, such a simple appendicostomy or cecostomy usually will suffice to 
decompress a distended colon and eliminate the need of a formal pre- 
operative colostomy. 

An early postoperative intestinal obstruction not relieved by gastro- 
intestinal intubation and not due to peritonitis rarely requires abdominal 
exploration. Differing from the obstruction due to a strangulation from 
a hernial ring or the firm adhesions present months or years after an 
abdominal operation, the stoppage results from an intestinal angulation 
due to recent and therefore soft and plastic adhesions. If separated, such 
adhesions often promptly reform, while if the distended bowel is ade- 
quately decompressed, the obstruction usually is permanently relieved. 
One therefore carefully locates, by contours and percussion, the most 
distended intestinal coil, exposes it through a short incision with the 
patient under local anesthesia and inserts a 14 F. or 16 F. catheter 
anchored as described for cecostomy. 


SUMMARY 


Abdominal drains may be selected to drain a limited part or the 
entire abdominal cavity, dependent on the adhesive reaction or lack of 
reaction they excite in the peritoneum. The most effective type of 
abdominal drainage is by continuous aspiration, as in the use of sump 
drains. Methods for stage drainage are given, as well as methods by 
which viscera are exposed by tubular drains to enable their continued 
observation or for a stage operation. The use of drains for preoperative 
and postoperative diagnosis, for the arrest of initial and recurrent 
hemorrhage and for the early detection of ileus and other conditions is 
described. 
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PERITONEAL IRRIGATION FOR UREMIA FOLLOWING 
INCOMPATIBLE BLOOD TRANSFUSION 
Report of a Case 


E. E. MUIRHEAD, M.D. 


A. B. SMALL, M.D. 
AND 


R. B. McBRIDE, M.D. 
DALLAS, TEXAS 


| que egieanen irrigation as a means of treating a patient with 
uremia resulting from acute renal damage following sulfathiazole 
therapy has been reported by Frank, Seligman and Fine.t These same 
workers had previously observed the results of this technic on animals.” 
Recently we utilized this method of peritoneal irrigation on a patient 
with uremia resulting from an incompatible blood transfusion. The 
procedure was effective and directly associated with improvement and 
subsequent recovery of the patient. The patient was not expected to 
survive, since grave sequelae of uremia existed. Moreover, certain 
complications related to the peritoneal irrigation were encountered. A 
report of the case therefore seems warranted. 


REPORT OF A CASE 


A white woman aged 36 years entered the hospital for a pelvic operation. A 
transfusion of whole blood was ordered prior to operation as a corrective measure 
for a moderate degree of anemia (red blood cell count 3,600,000 per cubic milli- 
meter, with a hemoglobin content of 9.9 Gm. per hundred cubic centimeters). 
Through a clerical error, the patient, who was of type O, Rh-positive classification, 
received blood from a type A:, Rh-positive donor. Approximately 175 cc. of the 
blood was given within twenty minutes before the reaction became pronounced. 
Recheck typing of donor and recipient established the gross incompatibility. 

The course of the case is being divided into three periods. 

1. The Reaction and Development of Uremia (Sixteen Days).—The patient 
first complained of nausea and generalized tingling sensations of the skin. After 
twenty minutes the radial pulse and brachial blood pressure became imperceptible. 


From Baylor University Hospital. 

The assistance of Dr. Robert Bone (intern) and Dr. A. E. Haley (medical 
resident) made the handling of this case possible. 

1. Frank, H. A.; Seligman, A. M., and Fine, J.: Treatment of Uremia, 
J. A. M. A. 180:703 (March 16) 1946. 

2. Seligman, A. M.; Frank, H. A., and Fine, J.: Treatment of Experimental 
Urea by Means of Peritoneal Irrigation, J. Clin. Investigation 25:211 (March) 
1946, 
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Pronounced cyanosis was soon followed by a severe chill. Morphine sulfate 
(% grain [10 mg.]), atropine (450 grain [0.4 mg.]) and epinephrine (7.5 minims 
[0.46 cc.] in a dilution of 1: 1,000) were given, and ten minutes later the blood 
pressure was 144 systolic and 90 diastolic and the patient was clear mentally. 
Twenty-five minutes after the onset of the reaction the oral temperature was 
102.2 F., the pulse rate was 100 and the respiratory rate was 25. Five hours later 
the temperature was 99.8 F., the pulse rate was 76 and the respiratory rate was 
20. The patient vomited 500 cc. of fluid at this time. The period of preperitoneal 
irrigation lasted sixteen days (chart 1). 

The first specimen of urine was dark red and was obtained at fifteen hours 
(30 cc.). During the first seven days the average volume of urine in twenty-four 
hours was 101 cc. The volume of urine then gradually increased to 1,850 cc. on 
the sixteenth day, but the output of urea in twenty-four hours remained about 7 Gm. 
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Chart 1—Changes in the blood urea concentration (milligrams per hundred 
cubic centimeters), blood chloride contents as sodium chloride (milligrams per 
hundred cubic centimeters) and daily volume of urine are represented. The 
thatched zone represents the period of peritoneal irrigation. Various levels of the 
carbon dioxide-combining power of plasma are indicated below the graph. 


The sudden drop in the blood urea concentration during the first day can be 
partly explained on the basis of extracellular fluid dilution, since the patient 
became more edematous and the blood chloride level was decidedly elevated. The 
turning point occurred in association with the diuresis and dehydration. 


The oral temperature ranged between 99 and 101 F., and the pulse rate was 
100 from the tenth to the sixteenth day. Vomiting and retching continued 
through the entire period. During the sixteen days the volume of vomitus 
averaged 550 cc. daily and consisted mainly of recently ingested water. 

Pentobarbital sodium and morphine were used for mild sedation. The volume 
of fluid given intravenously amounted: to 17,100 cc., all but 1 liter being given 
during the first eleven days (10,000 cc. of 5 to 10 per cent dextrose in distilled 
water; 3.500 cc. of whole blood; 500 cc. of 5 per cent hypertonic solution of 
sodium chloride, and 1,190 cc. of 15 per cent amino acid solution; the room 
environment was of the hot, summer weather, type). On the twelfth day use of 


376 ARCHIVES OF SURGERY 


digitalis was started, and a total of 19% grains (1.26 Gm.) was given prior to 
irrigation. 

The patient’s condition gradually deteriorated. The blood urea concentration 
steadily mounted from 134 mg. per hundred cubic centimeters at thirty-six hours 
to 310 mg. per hundred cubic centimeters on the sixteenth day. The carbon 
dioxide-combining power of plasma gradually dropped from 58 to 40.5 volumes 
per cent. The whole blood chloride contents (as sodium chloride) likewise 
decreased, from 510 mg. per hundred cubic centimeters at thirty-six hours to 
360 mg. per hundred cubic centimeters on the sixteenth day. The plasma protein 
concentration remained essentially unchanged (near 7.6 Gm. per hundred cubic 
centimeters). ; 

Gallop rhythm, apical systolic murmur and a loud pericardial friction rub 
appeared on the twelfth day. Generalized moist rales were present and became 
more pronounced. Mental dulness alternated with periods of emotional upsets 
and irritability. Slight diarrhea and generalized muscular clonic spasms appeared 
on the fourteenth day. Generalized subcutaneous edema was distinct. The blood 
pressure, which on admission was 120 systolic and 80 diastolic, now reached 160 
systolic and 110 diastolic in millimeters of mercury. The prognosis was considered 
poor, and it was decided that a step such as peritoneal irrigation was warranted. 

2. Period of Peritoneal Irrigation (Six Days)—With the patient under local 
anesthesia, a sump type drain was inserted into the peritoneal cavity in the lower 
right quadrant (McBurney’s incision). A rubber catheter French no. 18 was inserted 
into the left upper quadrant through a trochar. During five and a half of the ensuing 
six days the peritoneal cavity was irrigated almost continuously with several types 
of crystalloid solutions. These solutions contained 1 mg. of heparin and 25,000 
units of penicillin per liter. Later, streptomycin was used to combat mild peri- 
tonitis due to a gram-negative bacillus (Proteus morganii). A throttled Wangen- 
steen suction apparatus was used on the side in which the drain had been inserted, 
and the flow was continuous. Penicillin, 25,000 units intramuscularly every three 
hours, was also given. In addition the patient received components of vitamin B 
and vitamin C parenterally. 

During the irrigation 108,000 cc. of fluid (about 19,500 cc. per twenty-four 
hours) was introduced into the peritoneal cavity, and 92,805 cc. was recovered. 
Much of the deficit appeared to result from leakage around the sump drain. 
A total of 76.85 Gm. of urea was known to be recovered in the fluid (average of 
13.96 Gm. per twenty-four hours). The loss through leakage may have amounted 
to 10 to 11 Gm. of urea, as the average urea concentration in the recovered fluid 
was 84.8 mg. per hundred cubic centimeters (a range of 58 to 133.5 mg. per 
hundred cubic centimeters). 

The output of urea in the urine amounted to near 5 Gm. on the first two days 
and about 12 Gm. per day thereafter. The combined known urea output (peri- 
toneal fluid and urine) for the six day period was 140 Gm. J 

During the first three days the irrigating solution consisted of mam- 
malian Tyrode solution (70 per cent of volume used) and isotonic solution of 
three chlorides (30 per cent of volume) except for 4 liters of lactate-Ringer’s 
solution, used on the third day. During the fourth day only 5 per cent dextrose 
in distilled water was used for irrigation (discussed later). Thereafter 5 per cent 
dextrose in distilled water was alternated with isotonic solution of sodium chloride 
and lactate-Ringer’s solution for irrigation. 

The substantial drops in the blood urea concentration associated with the 
periods of irrigation are shown in chart 1. Several complications obscured the 
apparent good progress made in this direction during the early phases of irrigation. 
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Cardiac irregularities were found to be due to the effect of digitalis, and the 
administration of digitalis was discontinued. The patient coughed up scanty 
amounts of sputum, which was blood tinged, and pulmonary infarcts were suspected. 
When the pulmonary edema disappeared, roentgenograms of the chest revealed 
no evidence of larger infarcts. 


During the first three days of the irrigation the volume of urine decreased. 
The pulmonary and subcutaneous edema became more pronounced, and the whole 
blood chloride contents were elevated to 620 mg. per hundred cubic centimeters 
while the patient received only 12 Gm. of hypertonic solution of sodium chloride 
by vein. Need for correction of the progressive overhydration became acute; 
therefore, a regimen of dehydration was instituted by irrigation of the peritoneal 
cavity with a solution of 5 per cent dextrose in distilled water. This procedure was 
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28 30 32 34 36 36 40 42 44 46 
pays 
Chart 2.—The output of urea (grams) via the urine and peritoneal washing 


fluid is indicated. The urine chloride output (sodium chloride as grams) is also 
described. 


It can be noted that usually more urea was recovered via the peritoneal route. 
The sudden drop in peritoneal urea output occurred on the fourth day, when the 
washings were discontinued for twelve hours. 


The second period of diuresis occurred after the irrigation was discontinued 
and was associated with substantial urea output. The urine chloride output became 
prominent during the irrigation but dropped decidedly after the apparently induced 
diuresis. The latter is considered as additional evidence of dehydration by dextrose 
in distilled water. 


continued for twenty-four hours. During this period the fluid was observed to 
enter the peritoneal cavity as 5 per cent dextrose in distilled water and to be recov- 
ered as 2.5 per cent dextrose in 0.42 per cent solution of sodium chloride. 
A copious diuresis occurred during this time (4,375 cc. in twenty-four hours), 
and the patient began to show signs of dehydration. It was estimated that the 
patient lost between 60 and 70 Gm. of sodium chloride through the two routes 
during this period. The skin became dry and displayed loss of turgor, and pul- 


30 URINE UREA GM. 
9 25 
A 
4 5 
< 
~ 


378 ARCHIVES OF SURGERY 


monary rales almost completely disappeared, remaining only to a slight extent at 
the bases. The blood chloride concentration dropped decidedly. The patient 
showed a striking clinical improvement but now displayed evidence of much loss 
of weight. The blood pressure was 125 systolic and 80 diastolic in millimeters 
of mercury. The blood urea concentration continued downward. 


The irrigation was now continued with salt solutions. The volume of urine 
continued down and reached 1,700 cc. in twenty-four hours within two days. 
The peripheral hemoglobin concentration, which had been 10.8 Gm. per hundred 
cubic centimeters, now became 15.0 Gm. The skin became cold and clammy; the 
radial pulse was weak, 130 per minute, and the brachial blood pressure was 80 
systolic and 60 diastolic in millimeters of mercury. The carbon dioxide-combining 
power was 30 volumes per cent. The patient now demonstrated signs of peripheral 
circulatory failure due to dehydration and peritonitis (see following paragraphs). 
It was considered advisable to administer the following fluids by vein: 1,000 cc. 
of normal plasma, 1,000 cc. sodium r-lactate one-sixth molar solution, 500 cc. of 
whole blood and 1,000 cc. of 5 per cent dextrose with 45 Gm. of amino acids. 
Improvement occurred, and the blood pressure was elevated to 104 systolic and 
60 diastolic in millimeters of ‘mercury. The following day 1,000 cc. of normal 
plasma was given by vein; the blood pressure remained 120 systolic and 82 diastolic 
in millimeters of mercury, and the peripheral hemoglobin concentration leveled 
off at 10 to 11 Gm. per hundred cubic centimeters. 

On the fifth day of irrigation the recovered fluid was found to contain promi- 
nent numbers of polymorphonuclear neutrophilic leukocytes with engulfed bacteria. 
A culture revealed a prominent growth of a gram-negative bacillus identified as 
P. morganii. Streptomycin therapy was initiated, 0.5 Gm.’ intramuscularly every 
three hours and 1 Gm. into the peritoneal cavity daily. There was no distention. 
The peritonitis was readily controlled by this regimen. All tubes were removed 
seven days after the irrigataion was started. 


3. Postirrigation Period of Convalescence (Twenty-Four Days).—Contrul of 
the peritoneal inflammation and correction of the dehydrated state were followed 
by a sustained diuresis. The output of urea in the urine varied between 21 and 
31.6 Gm. per twenty-four hours for nine days and then slowly receded to 15 to 18 
Gm. daily. The output of chloride in the urine was elevated during the diuresis. 
Blood urea, chloride and carbon dioxide-combining power of plasma levels soon 
reached normal values. The patient improved decidedly and ate heartily of general 
diet soon after the irrigations were discontinued. 

The sump drain was removed first. Through the catheter on two occasions 
1 Gm. of streptomycin was introduced into the peritoneal cavity with 1 liter of 
isotonic solution of sodium chloride. The catheter was removed. The wounds 
healed rapidly. Intramuscular administration of penicillin and streptomycin (25,000 
units and 0.5 Gm.) was discontinued five and ten days respectively after the 
irrigation was discontinued. 

The volume of urine per twenty-four hours continued between 2,500 and 
3,000 cc. until the patient left the hospital thirty-eight days after the reaction. 
The urea clearance at this time was 53 per cent of normal. Otherwise, recovery 
was well on the road to completion. 


COMMENT 


It can be considered that this patient may have recovered without 
the aid of extrarenal blood-clearing procedures, since the volume of 
urine had steadily increased to 1,850 cc. per twenty-four hours. Sev- 
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eral features, however, seem to oppose this view. The specific gravity 
of the urine remained low (table), and even with a volume of urine 
of 1,400 to 1,850 cc. the urea output did not exceed 20 to 25 per cent 
of normal * despite a high urea load in the body. Moreover, during the 
sixteen day period the patient’s clinical course was progressively down- 
ward. The azotemia pointed steadily upward. Signs frequently 
attributed to advanced, and grave uremia appeared. These included 
mental cloudiness; generalized clonic muscular spasms; enlarged heart, 
gallop rhythm, apical systolic murmur and a loud pericardial friction 
rub; advanced pulmonary edema; prominent subcutaneous edema; pro- 
nounced azotemia; vomiting; slight diarrhea, and hypertension. It 
appeared likely, therefore, that the patient might succumb before the 
hoped-for diuresis occurred. 


Results of a Series of Urinalyses 


Red White 
Specific Albu- Diacetic Blood Blood 
Day Gravity Reactign min Sugar Acetone Acid Casts Cells Cells 
1 1.010 Acid 600 None os Negative None Many Many 
2 1.014 Neutral 320 None None Negative None Moderate Many 
3 1.016 Alkaline 200 None None Negative None None Many 
8 1.007 Neutral 450 None None Negative None Few Loaded 
9 1,007 Neutral 100 = None None Negative None Many Many 
12 1.008 Neutral 7 None None Negative None Rare Loaded 
17 1.008 Alkaline 75 None None Negative None Few Loaded 
18 1.011 Neutral 100 None None Negative None Rare Many 
21 1.010 Neutral 50 None None Negatiey None Occasional Occasional 
23 1.009 Neutral 30 None None Negative None Rare Many 
28 1.009 Neutral 50 None None Negative None Occasional Many 
35 1.006 Neutral 30 Trace None Negative None Few Few 
42 1.008 Neutral 10 Trace None Negative None Rare Few 
46 1.005 Neutral Trace None None Negative None Few Occasional 


Much of the patient’s difficulties could be attributed to overhydration. 
The administration of hypertonic solution of sodium chloride (5 per 
cent sodium chloride) was followed by an aggravation of the clinical 
appearance. It was hoped that the peritoneal irrigation procedure 
would be attended by an amelioration of the generalized edema, since 
such was observed by Frank, Seligman and Fine when no fluids were 
given intravenously to their patient. Tyrode’s solution and isotoriic 
solution of three chlorides being used for irrigation, the amount of 
urea recovered from the patient was comparable to that obtained by 
these observers; yet distinct enhancement of the already overhydrated 
state occurred. The subcutaneous and pulmonary edema became more 
pronounced, and the blood chloride concentration was decidedly elevated. 
At the same time the patient’s serum potassium concentration was found 


3. Best, C. H., and Taylor, N. B.: The Physiological Basis of Medical Prac- 
tice, ed. 4, Baltimore, Williams & Wilkins Company, 1945, p. 397. 
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to be normal (4.84 millequivalents per liter). The patient’s oral intake 
could not account for these changes. The maintenance of a normal 
potassium concentration extracellularly could be accounted for on the 
basis of cellular shift * or by absorption from the peritoneal fluid. The 
large volumes of Tyrode’s solution and isotonic solution of three chlo- 
rides accounted for much potassium chloride. All the various changes 
(increase in edema, increase in blood chlorides and normal serum 
potassium concentration unaccounted for by oral intake) could be bet- 
ter explained as due to absorption by the peritoneal surfaces. The body 
apparently continued to absorb Tyrode’s solution and isotonic solution 
of three chlorides despite the existence of waterlogging. 

Clearcut results were obtained in this case by the use of 5 per cent 
dextrose in distilled water by the peritoneal route. This procedure was 
associated with a copious diuresis (4,375 cc. per twenty-four hours). 
Even so, the amount of urea recovered in the urine was not much greater 
than that in the peritoneal washings (a total urea level of 26.6 Gm. for 
the twenty-four hour period). Moreover, the urine chloride concentra- 
tion was low, and 90 per cent of the sodium chloride lost from the body 
during the dehydration period escaped through the peritoneal fluid. 
Two main changes seemed to occur: (1) the exchange of dextrose for 
salt through the peritoneal surface, as in the experiment of Darrow and 
Yannet,® accounting for most of the loss of salt, and (2) the loss of 
substantial water volume through the kidneys, as in a glucose type of 
diuresis. 

Whether the ability for diuresis was made possible as a result of 
the three days of peritoneal irrigation and rest of the kidneys one 
cannot say. Certainly diuresis was not possible following the adminis- 
tration of dextrose in distilled water by vein prior to the irrigation. It 
may well be that an avenue for loss of salt was needed which was 
served by the peritoneal washings. 


The dehydration was considered the turning point in the progress 
of this patient. Outstanding clinical improvement accompanied the 
water—sodium chloride loss. The edema disappeared ; the lungs became 
clear. There was prominent mental improvement, and the patient began 
partaking of a general diet. Two other complications were to become 
evident before recovery could be assured. 


Low grade peritonitis without ileus developed. The onset of this 
complication was associated with signs of forward circulatory failure 
due to oligemia. It was considered that the state of decreased body 


4. Darrow, D. C.: The Retention of Electrolyte During Recovery from Severe 
Dehydration Due to Diarrhea, J. Pediat. 28:515 (May) 1946. 


5. Darrow, D. C., and Yannet, H.: The Changes in the Distribution of Body 
Water Accompanying Increase and Decrease in Extracellular Electrolyte, J. Clin. 
Investigation 14:266 (March) 1935. 
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water plus the inflammatory edema of peritoneal structures was causative. 
The complication was readily controlled by the intravenous adminis- 
tration of blood, plasma and electrolytes and water and streptomycin. 
Subsequent recovery was rapid. 

The patient left the hospital capable of ambulation. As in the case 
of Frank, Seligman and Fine,’ the urea clearance level on discharge 
was still well below normal (53 per cent of normal). 


SUMMARY 


A case of uremia following the acute renal damage due to an incom- 
patible blood transfusion is presented: The prognosis seemed poor until 
the procedure of peritoneal irrigation was instituted according to the 
technic of Frank, Seligman and Fine.t| The amount of urea cleared 
from the body by this procedure was comparable to that reported by 
these observers. The urea clearance was taken as a measure of the 
clearance of other substances. 

Overhydration constituted one of the main complications, as the 
kidneys were not able to discard water. This complication was accentu- 
ated in this case by the use of Tyrode’s solution and isotonic solution 
of three chlorides in the peritoneum. Recovery was associated with the 
loss of water and salt from the body, while dextrose in distilled water 
was used for peritoneal irrigation. 

Substantial amounts of urea were obtained by this method, and the 
azotemia was greatly relieved. Subsequently the kidneys cleared large 
quantities of urea from the body, but polyuria was necessary, as the 
urea clearance remained depressed. 

A low grade of peritonitis was associated with the signs of oligemia. 
Additional evidence of oligemia operating was obtained by the prompt 
recovery following administration of blood, plasma and electrolyte solu- 
tion by vein. 

CONCLUSIONS 

1. Peritoneal irrigation for the clearance of urea and presumably 
other substances and sodium chloride from the body in a case of uremia 
following an incompatible blood transfusion was found to be effective 
and directly related to recovery of the patient. 

2. Certain complications related to this procedure are discussed. 


ADDENDUM 


Since this report was completed, Fine, Frank, and Seligman * have 


6. Fine, J.; Frank, H. A., and Seligman, A. M.: The Treatment of Acute 
Renal Failure by Peritoneal Irrigation, Ann. Surg. 124:857 (Nov.) 1946. 
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PERMANENT INTUBATION OF THE THORACIC AORTA 


CHARLES A. HUFNAGEL, M.D. 
Arthur Tracy Cabot Fellow 
BOSTON 


INCE the first reported permanent anastomosis of a blood vessel by 
Eck,’ many efforts have been directed toward the discovery of 
improved technics for the union of blood vessels. The contributions of 
Jassinowsky,? Dorfler,* Briau and Jaboulay * and Watts ® were important 
steps in the development of successful methods of suture. These were 
culminated by the painstaking work of Carrel and Guthrie * in the years 
1905 to 1912. The technic which they evolved has been highly success- 
ful in experienced hands and remains the basis of present methods. 
However, during the period in which suture technics were develop- 
ing, the search for simpler and more rapid methods continued along 
other lines. As early as 1897 Nitze’ advocated the use of an ivory 
ring. Through this ring a vessel was threaded, and after the edge was 
everted, the vessel and the ring were passed into the open end of the 


vessel and tied in place with a ligature. Because of the reaction to the 
material employed, this method usually gave rise ultimately to throm- 
bosis, and it never became generally used. 

Payr ® first advocated the use of magnesium rings similar to those of 
Nitze and, later, the use of flanged magnesium tubes with pinlike pro- 


From the Laboratory of Surgical Research, Harvard Medical School. 

1. Eck, N. V.: On the Ligature of the Portal Vein, Voyenno M. J., 1877, 
vol. 130. 

2. Jassinowsky, A: Die Arteriennaht eine experimentell chirurgische Studie, 
Inaug. Dissert., Dorpat, 1889. 

3. Dérfler, H.: Ueber Arteriennaht, Beitr. z. klin. Chir. 25:781, 1899. 

4. Briau, E., and Jaboulay: Gastro-entéro-anastomoses d’un cas d'un néo- 
plasme de l’estomac, Lyon méd. 83:380, 1896. 

5. Watts, S. H.: Suture of Blood Vessels, Implantation and Transplantation 
of Vessels and Organs: An Historical and Experimental Study, Bull. Johns 
Hopkins Hosp. 18:153-179, 1907. 

6. Carrel, A.: The Surgery of Blood Vessels, etc., Bull. Johns Hopkins Hosp. 
18:18-28, 1907; Technique and Remote Results of Vascular Anastomoses, Surg., 
Gynec. & Obst. 14:246-254, 1912. Guthrie, C. C.: Blood Vessel Surgery and Its 
Application, London, Longmans, Green & Co., 1912. 

7. Nitze, F.: Kleinere Mittheilungen Kongress in Moskau, Centralbl. f. Chir. 
24:1042, 1897. 
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jections on one side and holes to receive them on the other, which 
approximated intima to intima when the two halves were united. He 
stated the belief that because magnesium disappeared when left in the 
tissues it was an ideal substance for this purpose. However, it is now 
known that magnesium strongly stimulates production of fibrous tissue 
and would induce obliteration of the lumens of the vessels. Because 
this method was so rarely successful, it was soon abandoned. 

Tuffier® attempted to use paraffined silver tubes to bridge arterial gaps 
during World War I, but thrombosis invariably followed. Although 
this usually occurred in about twenty-four hours, the tubes sometimes 
remained patent for several days, so that collateral circulation was 
established. From this, Tuffier expressed the opinion that he was able 
to avoid amputation in several instances. 

In spite of obtaining excellent results with suture technics, Alexis 
Carrel*® continued to seek a satisfactory intubation method. He 
attempted to bridge gaps in the thoracic aorta with tubes of glass, 
aluminum and gold plate, all of which resulted in thrombosis. He sug- 
gested that if these tubes were lined with segments of vein successful 
results might be obtained, but he did not report a trial in animals. 

More recently, Blakemore, Lord and Stefko™ and Blakemore and 
Lord ™ introduced their vitallium tube technic, which incorporated the 


principles of Nitze’s ivory rings with the venous graft, as originally 
suggested by Carrel. 

A similar technic was used by Crile, Bernheim and Elsberg *** in 
direct transfusions and temporary union of an artery to a vein. The 


8. Payr, E.: Beitrage zur Technik der blutgefassund Nevennaht nebst 
Mittheilungen iiber die Verwendung eines resorbirbaren Metalles in der Chirurgie, 
Arch. f. klin. Chir. 62:67-93, 1900; Zur Frage der circularen Vereinigung von 
Blutgefassen mit resorbirbaren Prothesen, ibid. 72:32-54, 1904. 

9. Makins, G. H.: Gunshot Injuries to the Blood Vessels, London, John 
Wright & Sons, 1919. 

10. Carrel, A.: Permanent Intubation of the Thoracic Aorta, J. Exper. Med. 
16:17-24, 1912; Results of the Permanent Intubation of the Thoracic Aorta, 
Surg., Gynec. & Obst. 15:245-248, 1912. 


11. Blakemore, A. H.; Lord, J. W., Jr., and Stefko, P. L.: Severed Primary 
Artery in War Wounded: Non-Suture Method of Bridging Arterial Defects, 
Surgery 12:488-508, 1942; Restoration of Blood Flow in Damaged Arteries: 
Further Studies on Non-Suture Method of Blood Vessel Anastomosis, Ann. Surg. 
117:481-497, 1943. 


12 Blakemore, A. H., and Lord, J. W., Jr.: A Non-Suture Method of Blood 
Vessel Anastomosis, Ann. Surg. 121:435-453, 1945. 


12a. Bernheim, B. M.: Surgery of the Vascular System, Philadelphia, J. B. 
Lippincott Company, 1913. 
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method of Blakemore and colleagues ** is reported to be uniformly suc- 
cessful in the hands of surgeons experienced in its use. The use of the 
inert metal vitallium would appear to be the key to its success. How- 
ever, a high percentage of thrombosis was experienced with this method 
in military use, necessitating heparinization and adding to the difficulties 
of the technic.** 

The use of glass cannulas for temporary restoration of blood flow in 
several vessels is reported to have some success as long as the patient 
is kept on adequate doses of heparin.’® The fragility of the tube, the 
necessity of a second operation and the thrombosis which follows the 
omission of anticoagulant therapy as well as the complications of hepari- 
nization itself are factors which reduce the efficiency of this technic. 

However, it is desirable, if possible, to avoid the use of a venous 
graft in bridging arterial defects, as this would greatly simplify the 
procedure and make it more applicable to emergencies. With such a 
technic, certain characteristics are necessary in a tube which is to be 
used to bridge arterial defects. 1. It must be strong. 2. The junction 
between the tube and the vessel must be smooth. 3. The lumen must 
be extremely smooth. 4. It must be well tolerated by tissues. 5. Ideally, 
it must approach the elasticity of the vessel for which it substitutes and 
be rigid only at the points of junction. 

With the developments of the many new plastics, some of which are 
known to be relatively inert in tissue, an investigation of the property 
of some of the most promising was undertaken. Methyl methacrylate 
(lucite) appears to meet the requirements most closely. This polymer 
is well tolerated by tissues, has a high tensile strength, has a negligible 
water absorption, is easily worked and is inexpensive. It was also 
found to have the highly desirable property of delaying the coagulation 
of blood. Hirschboeck** found that blood placed in vessels of this 
material has a prolonged coagulation time and that clot retraction is 
delayed or does not occur. Neubauer and Lambert ** postulated that, 
other factors being excluded, the coagulation time is inversely propor- 


13. Blakemore, Lord and Stefko.11 Blakemore and Lord.!2 

14. Cutler, E. C.: Personal communication to the author, May 1946. 

15 Bailey, H.: Surgery of Modern Warfare, Baltimore, Williams & Wilkins 
Company, 1944. 

16. Hirschboeck, J. S.: Delayed Blood Coagulation and Absence of Clot 
Retraction in Collodion Lined Vessels, Proc. Soc. Exper. Biol. & Med. 45:122- 
124, 1940; Delayed Blood Coagulation in Methyl Methacrylate (Boilable “Lucite”) 
Vessels, ibid. 47:311-312, 1941. 

17. Neubauer, O., and Lampert, H.: Ein neuer Bluttransfusionsapparat : 
Zugleich ein Beitrag zur Kenntnis der thrombagogen Eigenschaften fester Stoffe, 
Miinchen. med. Wchnschr. 77:582-586, 1930. 
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tional to the adhesive force between blood and the surface with which 
it is in contact. Methyl methacrylate has a pronounced water-repellent 
surface, and this property appears to be enhanced when the tube is highly 
polished. Thus, this material appeared to fulfil the majority of the 
theoretic requirements, and a series of experiments was undertaken. 

The thoracic aorta was selected as the site for the procedure because 
no known permanent intubation technic has been successful, because of 
our interest in coarctation of the aorta ‘* and because in this critical 
position failure is immediately heralded by sudden death. 

The tubes used in this study were machined from blocks or cylinders 
of methyl methacrylate. The ends were tapered from the inside to form 
thin, smooth, but not cutting, leading edges. They were 4 cm. long, 
and the walls were 1 mm. thick. Two grooves 3 mm. wide were placed 
at each end and were separated by a ridge 1 mm. above the remaining 
surface of the tube. The end groove began 1 mm. from the end of the 
tube. These grooves were adequate to accommodate the ligature material 
employed, and the ridge prevented slipping of the ligature without adding 
unduly to the diameter of the tube. Tubes were made 1 cm. and 1.3 cm. 
in diameter to accommodate the variation in aortic size in different 
animals. The inner aspect of the tube received most careful attention, 
being polished to an extremely smooth finish with finest jeweler’s rouge. 
No imperfections of this surface were tolerated. 


LABORATORY PROCEDURE 


Fifteen mongrel dogs weighing 18 Kg. or more were used. Operations were 
performed with the animals under positive pressure anesthesia induced with ether 
administered intratracheally. A left anterolateral incision was made in the third 
interspace, and the third and fourth costal cartilages were cut. The left lung 
was allowed to partially collapse and was carefully walled off with moist pads. 
The aortic arch and the descending thoracic aorta were dissected from the sur- 
rounding structures extending. from the subclavian artery to the first pair of 
intercostal arteries. These were then ligated and divided, as were the second and 
occasionally the third pair. Unless care is taken, these vessels can be torn close 
to the aorta, with considerable hemorrhage ensuing. When the aorta was com- 
pletely mobilized, it was occluded proximally and distally by arterial tourniquets 
of cotton tape spaced 6 to 8 cm. apart. The proximal tourniquet was placed first 
and slowly tightened to avoid fracture of the vessel. Tourniquets of this type 
were employed because they seldom slip and they cause minimal trauma to the 
wall of the vessel. In no instance was there evidence of damage to the aorta 
when the vessel was examined later. They also provide good control after the 
aorta has been sectioned: 


18. Crafoord, C., and Nylin, G.: Congenital Coarctation of Aorta and Its 
Surgical Treatment, J. Thoracic Surg. 14:347-361, 1945. Gross, R. E., and 
Hufnagel, C. A.: Coarctation of the Aorta, New England J. Med. 283:287-293. 
1945. 
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Immediately after the tourniquets were placed, the vessel was completely 


sectioned and a segment 1 to 3 cm. was excised. Three arterial stay sutures were T 
quickly placed in each end of the vessel. A tube of proper size was carefully inserted vesse 
into the proximal end and tied in place with two braids of U. S. P. no. 2 braided ok us 
silk; the distal one of these was tied snugly and the proximal one just tightly enough 
to hold the tube firmly. A similar procedure was then carried out at the other of th 
end of the vessel. A fine needle was then inserted into the lumen of the tube tree | 
through the wall of the vessel and the air evacuated and replaced with isotonic and 
solution of sodium chloride. The distal tourniquet was removed first and then obtai 
the proximal. The latter was removed slowly to allow for compensatory circu- i: 
latory changes. The time of aortic occlusion was always under ten minutes and expe 
Results of Intubation of the Thoracic Aorta in Dogs wall 
Time of Cause of Condition 
o. Survival Death of Tube Comment 
1 6 hr. Shock No clot Ligatures small; difficulty in placing tube 
2 6 days Empyema No clot Ligatures intact; good vascular result 
3 2 days Pneumonia No clot Ligatures intact; good vascular result 
4 6 days Hemorrhage No clot Ligatures small; cut through over % circumference 
of vessel 
5 lday Shock lmm. clot Difficulty in placing tube 
on edge 
of tube 
6 6mo. ~- Killed No clot Ligature large, not braided; good vascular result 
7 8 days Hemorrhage No clot Ligatures large, not braided; cut through 
8 6 wk. Killed No elot Ligature large, braided; good vascular result 
9 7 days Hemorrhage No clot Ligature large, not braided; cut through 
10 6 mo. Killed No clot Ligature braided; good vascular result 
1l l day Acute dilata- No clot- Ligature braided; good vascular result 
tion of stomach 
12 6 mo. Killed No clot Ligature braided; good vascular result 
13 10 days Hemorrhage No clot Ligature large, not braided; cut through 
14 4mo. Killed No clot Ligature braided; good vascular result 
6days Hemorrhage Noclot Ligature braided; cut through; tied tightly A : 
in 
could usually be accomplished in five to six minutes. This is within the minimal her 
limit tolerated by unprepared dogs without damage to the cord or other deleterious user 
effects. When the ligatures were properly placed there was no bleeding what- sath 
soever. heel 
In several animals the aorta was not completely severed but was incised for 
two thirds of its circumference and the tube tied in place in the usual manner. — 
A segment of the vessel was then excised from around the tube after circulation witl 
had been reestablished. In this way, the time of aortic occlusion was reduced fixa 
to three to four and a half minutes. This method could be readily applied to 
traumatized peripheral vessels as well as to the aorta. P pre 
Following reestablishment of the circulation, the pleura was closed over the pre 
aorta. The lung was reexpanded by aspiration of the air from the pleural cavity, oil 


and the chest was closed with interrupted silk sutures. It should be emphasized 
that no form of anticoagulant therapy was employed at any time in this series. 


| exe 
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COMMENT 


The thoracic aorta presented the problems encountered in peripheral 
vessels but in addition had certain factors peculiar to itself. The force 
of arterial pulsation and tendency to retraction are extreme. Friability 
of the wall is considerably greater here than elsewhere in the arterial 
tree and presents a major problem. To meet this, several types of tubes 
and ligatures were tried before uniformly successful results were 
obtained and the reported form adapted. 

Broad ligature material was used from the beginning of the series of 
experiments, but, in spite of this, ligatures frequently cut through the 
wall of the vessel in from seven to ten days. Five dogs died of secondary 


| 


Thin layer of fibrous tissue surrounding the tube. Note the absence of clot 
in the vessel and tube. 


hemorrhage due to this cause. Heavy braided silk and cotton tape were 
used, with little improvement in results. In an effort to evolve a more 
satisfactory type of ligature, a braid of three strands of U. S. P. no. 2 
braided silk was tried and the grooves in the tube widened to accom- 
modate this ligature. With its use, there was little further difficulty 
with cutting through of the ligature. This braid gave multiple point 
fixation without producing necrosis of the circumference of the wall. 

When the tube was to be introduced, great care was exercised to 
prevent injury to the intima of the vessel during its manipulation. This 
precaution has been recognized by all who have worked with intubation 
technic.2* At the outset of the experiments thrombosis of the vessel was 
expected to give greatest difficulty. However, it did not occur in a single 
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animal of the series. In 1 animal empyema (streptococcic) occurred 
postoperatively, but in spite of this the tube was functioning well, without 
evidence of beginning thrombosis, two weeks after operation. Several 
animals in the latter part of the series were allowed to survive for six 
months and throughout this time showed normal activity and main- 
tained normal femoral pulsation. 


All animals were examined at autopsy, at which time the tube and 
vessel were firmly connected and could not be separated except by 
sharp dissection. The tube was surrounded by a thin layer of fibrous 
tissue, and immediately adjacent to the tube there was a layer of thin 
flattened cells resembling endothelium which appeared to be continuous 
with the endothelium of the vessel (figure). The junction of the edge 
of the tube and the vessel was smooth, and the endothelium of the aorta 
formed a smooth union, with no irregularity. In 1 of the animals dying 
one day after operation a fleck of fibrin was found deposited on the aortic 
wall at the proximal end of the tube. This was not larger than 1 mm. 

The technic of replacing segments of the thoracic aorta appears to be 
satisfactory in dogs and should be applicable to large vessels in human 
beings down to the size of the femoral artery. The possibilities for its 
use in replacing traumatized arterial segments and bridging arterial 
defects are obvious. It may also be applicable for repair of certain 
arteriovenous fistulas and aneurysms and in venous anastomosis. 

It also appears probable that methyl methacrylate polymer can be 
used instead of vitallium in an anastomosis of the type used by Blake- 
more and associates and would be considerably more economical. The 
many other possibilities for its use include the replacing of common 
ducts and ureteral segments. 


However, all vascular intubation technics or nonsuture methods using 
nonabsorbable materials have the undesirable characteristics of being 
unable to enlarge to meet increasing physiologic demands and are thus 
somewhat limited in their use, particularly in children. The use of 
vascular graft coupled with an inert absorbable tube does lessen this 
difficulty. Thus a venous or arterial segment, preserved by refrigeration, 
could be used to bridge a vascular defect and anastomosis completed 
with a rigid tube, which would ultimately be absorbed, making it possible 
for the site of union to increase in size. Late in 1944 an attempt was 
made to obtain fibrin film in tube form, but due to the exigencies of 
war none was available. The potentialities of this method were brought 
to the attention of Dr. Cohn, of the Department of Physical Chemistry. 
It was suggested that plasticized fibrin tubes might be preferable to 
tubes of rolled film, and it is hoped that these may soon be obtainable. 
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SUMMARY 


A brief review of nonsuture technics of vascular anastomosis is pre- 
sented. A technic is described for permanent replacement of segments 
of canine thoracic aorta, which functioned satisfactorily —— use of 
anticoagulants. These experiments gave evidence that such’a technic 


may be practical for use in replacing segments of the aorta and large 
arteries in human beings and that tubes of methyl methacrylate have 
many potentialities in vascular operation. 
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SURGICAL TREATMENT OF PEPTIC ULCER 
Recent Experience at Los Angeles General Hospital 


HAROLD LINCOLN THOMPSON, M.D., Ph.D. 
AND 


HARRY PROUT, M.D. 
LOS ANGELES 


HE PROBLEM of peptic ulcer has been the subject of continued 

inquiry for over fifty years. Various phases of the problem of 
ulcer have been investigated by members of the surgical staff of the 
Los Angeles General Hospital from time to time. Between 1936 and 
1939, one of us (H.L.T.) reported results of a clinical study of 500 
cases of acute perforation of peptic ulcer from this hospital. The 
mortality rate in surgically treated patients in this group was 28.7 
per cent.t. This figure compared favorably with reports from other 
sources during the same period. The present study was made to deter- 
mine some of the aspects of recent experience with surgical treatment 
of peptic ulcer in one of the large general hospitals in the United 
States. 


PERIOD OF OBSERVATION 
This study covers the two and one-half year period from Jan. 1, 1943 


through June 30, 1945. During that time the diagnosis of peptic ulcer 
was made on 1,415 hospitalized patients (table 1). Of this group 1,108 


TaBLe 1.—Peptic Ulcer at the Los Angeles General Hospital for the Two 
and One-Half Year Period from Jan. 1, 1943 to June 30, 1945 


Diagnosis made on 


Medical treatment 


Study includes: 


Resections and other procedures... 50 unselected cases 


patients, or 78 per cent, received medical treatment, and 307 patients, 
or 22 per cent, were treated surgically. This study is made by the 
method of sampling 100 unselected cases wherein acute perforation was 
the indication for surgical treatment and 50 unselected cases wherein 


Read at the Fifty-Fourth Annual Meeting of the Western Surgical Association, 
Memphis, Tenn., Dec. 5, 1946. 

This article is one of four papers in a symposium on “Treatment of Peptic 
Ulcer.” The other papers, with the discussion, will be published in a future issue of 
the ARCHIVES. 

1. Thompson, H. L.: Acute Perforation of Peptic Ulcer: Immediate and 
Late Results in Five Hundred Cases, J. A. M. A. 113:2015-2018 (Dec. 2) 1939. 
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elective operations were performed. The latter surgical procedures 
included partial gastrectomy, anastomotic operations and total gastrec- 
tomy. For purposes of brevity the latter group of cases is referred to 
as the group of resections. The period of observation coincides roughly 
with the latter half of the war period, during which there were wide- 
spread social and economic dislocations. The results doubtless reflect 
these influences. 


ETIOLOGIC FACTORS 


Race.—It commonly is believed that peptic ulcer predominates in 
the Caucasian race. A corollary is the belief that it occurs infrequently 
in other pure or mixed races. In a previous report by one of us * 94.3 
per cent of cases were found to occur in the Caucasian race, 4.8 per 
cent in the Ethiopian, 0.28 per cent in the Indian and 0.57 per cent in 
the Mongolian race. DeBakey,® in cases collected from the Charity 
Hospital, New Orleans, found 60.6 per cent in the white race and 39.3 


SURGICAL 
22% 


MEDICAL 


78% 


Chart 1.—Diagnosis of peptic ulcer at the Los Angeles General Hospital for 
the period of two and one-half years from Jan. 1, 1943, to June 30, 1945. The 


study includes 100 unselected cases of acute perforation and 50 unselected cases 
of resection. 


per cent in the “colored race.” The inference is that the latter refers 
to the Negro race. In the present series (table 2) 87 per cent of the 
group of acute perforations and 86 per cent of the group of resections 
occurred in Caucasians. Of the Ethiopian race, the group percentages 
were 4 and 8 respectively. Whereas in the group of acute perforations 
there were no mixed (Mexican) and East Indian races represented, 
there were 4 and 2 cases respectively in the group of resections. 


2. Thompson, H. L.: Acute Perforation of Peptic Ulcer: An Evaluation of 
Contributory and Exciting Causes, Surg., Gynec. & Obst. 64:863-871, 1937. 
3. DeBakey, M.: Acute Perforated Gastroduodenal Ulceration: A Statis- 


tical Analysis and Review of the Literature, Surgery 8:852-884 and 1028-1076, 
1940. 
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Sex.—In 1937 one of us? reported that in our series acute perfora- 
tion occurred in men in 94.2 per cent of cases. DeBakey* in 1940 
found that 92.2 per cent occurred in men. In this study (table 2) there 
were men totaling 87 per cent in the group of acute perforations and 
82 per cent in the group of resections. Our present study therefore 
indicates an increase in the number of women affected with surgical 
peptic ulcer. 


TasBLe 2.—Etiologic Factors in Peptic Ulcer Requiring Surgical Treatment 


Acute Perforation, Resection and Other 
% Procedures, 


86 
A 


ge: 
4th and 5th decades 
5th and 6th decades Res 38 


Age.—In our previous series of 500 cases there were 52.2 per cent 
occurring in the fourth and fifth decades combined. In the decades next 
younger and next older, namely, the third and sixth combined, there 
were 32.8 per cent of cases. In other words, 85.0 per cent of the cases 
occurred in the third to sixth decades inclusive. 


PER | RACE AGE SEX 


CENT. | RESECTION) ACUTE ction 
100 


75. 


CAUCASIAN | CAUCASIAN 


5-@ | MALE | MALE 
2s. DECADES | DECADES 


67% 86% 54% 58% 87% 62% 
Chart 2.—Etiologic factors in peptic ulcer treated surgically. 


In the present series (table 2) slightly over half of the acute perfora- 
tions (54 per cent) occurred in the fourth and fifth decades of life. 
Similarly, in the group of resections 58 per cent occurred in patients in 
the fifth and sixth decades. Moreover, 78 per cent of the acute perfora- 
tions occurred in the fourth, fifth and sixth decades of life, whereas 82 
per cent of the resections occurred in the fifth, sixth and seventh decades. 
Thus, in the majority of instances, patients come to resection about one 
decade later than the patients who require operation for acute perfora- 
tion. 
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ANATOMIC LOCATION OF ULCER 


Considerable diversity of opinion exists regarding the frequency of 
the several sites of acute perforation. In our previous series? 60.9 
per cent of the perforations were in the anterior wall of the stomach 
or duodenum. In the series from Charity Hospital, DeBakey * found 
52.3 per cent of the perforations to be duodenal. In his collected series 


TaBLe 3.—Anatomic Location of Peptic Ulcer Requiring Surgical Treatment 


Acute Perforation, Resections and Other 
% Procedures, % 


66 
32 
2 


° 


of 11,305 cases, 51.2 per cent of the perforations were duodenal. In 
the present study (table 3) 53 per cent of the acute perforations occurred 
in the duodenum, 46 per cent in the stomach and 1 in a marginal ulcer. 
Toland and Thompson * previously have reported on acute perforation 
of gastrojejunal ulcer. 


STOMACH | 
ASUTE 


46% | 352% 


DUODENUM 


53%| 66% 


MARGINAL 
ze 

RESECTION 
1% Z% 
Chart 3.—Anatomic location of peptic ulcer treated surgically. 


PREVIOUS TREATMENT 


It frequently is stated in the literature on peptic ulcer that surgical 
treatment becomes necessary because of failure of medical treatment. 
More accurately, it should be said that operation usually is necessary 
because of the absence or failure of a program, be it one of no treatment, 
of medical treatment, of previous surgical treatment or of combinations 
of two or more forms of treatment. Referring to the group of acute per- 
forations in this study (table 4), one finds that there was no record of any 
previous treatment in 78 per cent of the cases. Previous medical treat- 


4. Toland, C. G., and Thompson, H. L.: 
Meer, Ann. Surg. 104:827-852, 1936. 


Acute Perforation of Gastrojejunal 
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ment was recorded in 17 per cent and previous surgical treatment in 5 
per cent of the cases. In the group of resections there was no record of 
previous treatment in 16 per cent. There was, on the other hand, a 
record of previous medical treatment in 74 per cent, of previous surgical 
treatment alone in 10 per cent and of previous medical and surgical 


Taste 4.—Previous Treatment of Peptic Ulcer Requiring Surgical Treatment 


Acute Perforation, Resections and Other 
% Procedures, % 


treatment in 32 per cent of this group. In the last, surgical treatment 
was limited to suture of previous acute perforations, in 2 cases of which 
multiple (two) previous perforations had been sutured. 


DIAGNOSIS 


Confirmatory diagnostic procedure in this series of cases was limited 
to roentgenologic examination (table 5). In 4 previous publication * 
one of us pointed out the diagnostic value in acute perforation of free 


TaBLe 5.—Diagnosis of Peptic Ulcer Requiring Surgical Treatment 


Acute Perforation, Resections and Other 
Roentgenologie Examination % Procedures, % 


80 
8 
2 


intraperitoneal air as demonstrated by roentgenologic examination. 
Roentgenologic examination was employed in the present study in 71 
per cent of the acute perforations and in 90 per cent of the resections. 
In the latter group this statement applies only to recent roentgenologic 
examination of the stomach. In the 10 per cent of the cases in which 
recent examination was not recorded, it had been used on a previous 
admission of the patient to the hospital. . In the group of acute perfora- 
tions roentgenologic examination was of diagnostic value in the demon- 
stration of free intraperitoneal air in 66 per cent of the cases. On the 
other hand, it was not of diagnostic value, that is, it failed to demonstrate 


5. Thompson, H. L.: Acute Perforation of Peptic Ulcer: An Evaluation of 
Diagnostic Symptoms and Signs, California & West. Med. 44:1-16, 1936. 
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free air in 34 per cent of the cases. In the group of resections roent- 
genologic examination was of diagnostic value in 80 per cent of the 
cases. It was useful in demonstrating obstruction in 32 per cent, pene- 
tration in 8 per cent and marginal ulcer in 2 per cent of the cases. ‘On 
the contrary, it was erroneous and therefore not of diagnostic value in 
8 per cent of the cases in this group. In this 8 per cent a roentgenologic 
diagnosis of carcinoma of the stomach was proved at operation to be 
erroneous. 


PER CENT. MEDICAL |SURGICAL| <uactcat 


RESECTION | PERFORATION 
RESECTION 


78Ye \6% 74% S% O% 32% 


Chart 4.—Previous treatment of peptic ulcer treated surgically. 
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Chart 5.—Diagnosis of peptic ulcer for which operation was performed. 


8 


TREATMENT 


Surgeon.—Except from certain teaching hospitals the rating of the 
surgeon is given in relatively few reports in the literature. McKittrick 
and associates* reported that in the two stage pyloric resection for 
duodenal ulcer, as recently carried out at Massachusetts General Hospi- 
tal, the first stage of the operation was performed by the senior surgeon 
in 46 per cent, the junior in 32 per cent and the resident in 21 per cent 


6. McKittrick, L. F.; Moore, F. D., and Warren, R.: Complications and 
Mortality in Subtotal Gastrectomy for Duodenal Ulcer, Tr. Am. S. A. 62:531-561, 
1944. 
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of cases. In the present study it was found that operations were per- 
formed by nineteen surgeons in the group of acute perforations, an 
average of more than 5 cases each. Operations were performed by 
twenty surgeons in the group of resections, or an average of less than 
2 each. In the group of acute perforations senior surgeons did not 
perform any of the operations (table 6). Junior surgeons performed 


TaBLe 6.—Surgeons Performing Surgical Treatment of Peptic Ulcer 


Acute Perforation, Resections and Other 
Procedures, % 


30 
22 
48 


8 per cent and resident surgeons 92 per cent. In the group of resections, 
on the other hand, senior surgeons performed 30 per cent, junior 
surgeons 22 per cent and resident surgeons 48 per cent of the operations. 

Anesthesia.—Anesthesia is discussed in the literature usually in con- 
nection with mortality. Thus DeBakey* found the lowest mortality 


SURCEON ACUTE PERFORATION % 


SENIOR 
JUNIOR 8 


RESIDENT 92 


Chart 6.—Treatment of peptic ulcer for which operation was performed. 


rate when spinal anesthesia was used and the highest when local was 
employed. In this series of acute perforations (table 7) inhalation 
(ether or cyclopropane) anesthesia alone was used in 13 per cent, spinal 
alone in 53 per cent, spinal with supplemental anesthesia in 33 per cent 


Tasie 7.—Anesthesia Used in Surgical Treatment of Peptic Ulcer 


Acute Perforation, Resections and Other 
Anesthesia % Procedures, % 


Inhalation (ether, cyclopropane) 
Spinal 

Spinal with supplemental 
Pentothal sodium only 


and pentothal sodium alone in 1 per cent of the cases. In the group 
of resections the relationship is somewhat different. Inhalation anes- 
thesia alone was used in 14 per cent, spinal alone in 12 per cent and 
spinal with supplemental anesthesia in 74 per cent of cases. 


P 
treat 
ever, 
the ¢ 
100 
bloo 
grou 
of 
ethy 
sion 
KR 
| RESECTION % | 
22 
22 
: 
inte 
1 0 Usi 
cen 
per 
sep 
mo 


THOMPSON-PROUT—PEPTIC ULCER 397 


Postoperative Treatment—Recent improvements in postoperative 
treatment are of the greatest practical importance. Apparently, how- 
ever, they have not reduced mortality as much as could be desired. In 
the group of acute perforations (table 8) Levin suction was used in 
100 per cent of cases, chemotherapy in 91 per cent, transfusions of 


TaBLe 8.—Postoperative Treatment of Peptic Ulcer Surgically Treated 


Acute Perforation, Resections and Other 
% Procedures, % 


Levin suction 

Inhalation, oxygen-carbon dioxide 
Theophylline ethylenediamine 
Chemotherapy 

Transfusion of blood 

Penicillin 


oS S888 


blood in 52 per cent and penicillin in 14 per cent of the cases. In the 
group of resections, Levin suction was used in 96 per cent, inhalations 
of oxygen—carbon dioxide in 80 per cent, prophylactic theophylline 
ethylenediamine in 66 per cent, chemotherapy in 48 per cent, transfu- 
sions of blood in 46 per cent and penicillin in 6 per cent of cases. 


ANESTHESIA | ACUTE PERFORATION] RESECTION 


QNHALATION 14 % 


ether, cyclo propane ) 


SPINAL 53 % IZ % 


SPINAL WITH 
SUPPLEMENTAL 23 % 74 % 


PENTOTHAL 
ONLY % % 


Chart 7.—Treatment of peptic ulcer treated surgically. 


RESULTS OF SURGICAL TREATMENT 


Complications.—It is well known that the commonest complications 
in gastric surgical treatment are pulmonary diseases, peritonitis and 
infection of the wound with or without separation of the wound. 
Usually they are discussed with reference to mortality. In the present 
group of acute perforations, pulmonary complications occurred in 6 per 
cent of the cases (table 9), general peritonitis in 10 per cent, localized 
peritonitis in 10 per cent, infection of the wound in 34 per cent and 
separation of the wound in 1 per cent. In the group of resections, pul- 
monary complications occurred in 20 per cent, general peritonitis in 14 
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per cent, localized peritonitis in 2 per cent, infection of the wound in 
10 per cent and separation of the wound in 10 per cent of the cases. 

Mortality—The over-all mortality rate in this group of 150 cases 
was 19.33 per cent. In the group of acute perforations (table 10) there 
were 15 deaths. In the group of resections there were 14 deaths. 


TaBLe 9.—Complications of Peptic Ulcer Reguiring Surgical Treatment 


Acute Perforation, Resections and Other 


Type % Procedures, % 
Peritonitis 


10 


Taste 10.—Mortality Rate in Peptic Ulcer Requiring Surgical Treatment 


Acute Perforation, Resection, 
No. No. 


14 


ACUTE PERFORATION 
Prognosis——It long has been known that in acute perforation of 


peptic ulcer one of the most significant factors in prognosis is the interval 
of time which elapses between perforation and operation. In 7,683 
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Chart 8—Postoperative treatment of peptic ulcer treated surgically. 


cases collected from the literature by DeBakey,® the mortality rate in 
the first six hour period was 10.5 per cent, in the second six hour 
period 21.4 per cent, in the third six hour period 38.5 per cent, in the 
fourth six hour period 62.4 per cent and after twenty-four hours 61.5 
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per cent. In the series reported by Black and Blackford,’ the mortality 
rate was 11 per cent within the first six hours, 7 per cent in the second 
six hours and 25 per cent when operation was performed after twelve 
hours. In our present series (table 11) the mortality rate when opera- 
tion was performed within the first six hours was 4.7 per cent, between 


TYPE ACUTE PERFORATION % | RESECTION °%e 


6 
PULMONARY 


10 \4 


RAL PERITONITIS 
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Chart 9.—Complications in peptic ulcer for which operation was performed. 


six and twelve hours 9 per cent, between twelve and eighteen hours 25 


per cent, between eighteen and twenty-four hours 50 per cent and after 
twenty-four hours 66.6 per cent. 


Operative Procedure——One of the most controversial aspects of the 
treatment of acute perforation of peptic ulcer is the type of operative 
procedure. While continental European surgeons favor radical resec- 
tion, American and English writers prefer simple closure of the perfora- 
tion or a modification thereof. Drainage of the peritoneal cavity, once 


Taste 11.—Prognosis in Acute Perforation of Peptic Ulcer 
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a point of controversy, now seems to have been abandoned generally. 
Recently, a good deal of attention has been paid to the type of incision 
and method of closure of wounds. Black and Blackford * have advocated 
a combination of layer closure with surgical gut reenforced by through 
and through nonabsorable sutures. In this present study, simple suture 


7. Black, B. M., and Blackford, R. E.: Perforated Peptic Ulcer: Review of 
Ninety-Six Cases, S. Clin. North America 25:918-928 (Aug.) 1945. 
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of the perforation was carried out in 7 cases (table 12), with a mortality 
rate of 14 per cent. Suture of the perforation reenforced with a tag of 
omentum was employed in 93 cases, with a mortality rate of 15 per cent. 
Drainage of the peritoneal cavity was employed in only 4 cases, with a 
mortality rate of 25 per cent. Layer closure of the wound with surgical 
gut, cotton or steel wire was utilized in 71 per cent of cases, with a 
mortality rate of 9.8 per cent. Through and through closure of the 
wound with wire, cotton or silk was utilized in 29 cases, with a mortality 


TABLE 12.—Resulis of Treatment of Acute Perforation in Peptic Ulcer 


Deaths Mortality Rate, % 
Simple suture 


7 1 14.0 
Suture and tag of omentum.......................... 938 14 15.0 
Drainage of peritoneal cavity..................-..+++ q 1 25.0 
Layer closure (surgical gut, cotton or wire)........ 71 7 9.8 
Through and through closure (wire, cotton or silk) 29 s 27.5 


rate of 27.5 per cent. Thus the lowest mortality rate obtained in cases 
in which simple closure without drainage of the peritoneal cavity and 
layer closure were employed. Beyond question, however, other factors 
come into play here. 


Factors in Mortality Rate in Acute Perforation.— Age: In 
DeBakey’s * collected series of 4,147 cases, the mortality rate in the 
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Chart 10.—Mortality rate in peptic ulcer treated surgically. 


first three decades was 12.5 per cent, in the fourth and fifth decades 
23 per cent, in the sixth and seventh decades 47.2 per cent and in the 
eighth decade 53.8 per cent. Our results in this respect, contained in 
table 13, disclose an extremely low mortality rate of 4 per cent in the 
fourth decade, a mortality rate of 20.6 and 20.8 per cent in the fifth 
and sixth decades respectively, a falling off of mortality rate to 16.6 
per cent in the seventh decade and a sharp rise to a high of 28.5 per 
cent in the eighth decade. 


Surgeon: In this group (table 13) the mortality rate according to 
the staff rating of the surgeon is of interest. In 8 cases in which opera- 
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tion for acute perforation was performed by junior surgeons, the 
mortality rate was 37.0 per cent. In 92 cases in which operation was 
performed by resident surgeons, the mortality rate was 13 per cent. 
While the junior attending surgeons assumed the responsibility for 
surgical treatment in 1 of the*patients presenting a high risk, the 
mortality in the other 2 patients, aged 44 years, whose interval between 


TasLe 13.—Factors in Mortality in Acute Perforation in Peptic Ulcer 
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perforation and operation was ten hours or less, resulted from general 
peritonitis and bronchopneumonia or both. 

Anesthesia: DeBakey,® in 1,776 collected cases, found that with 
general anesthesia the mortality rate was 29.9 per cent, with spinal 
anesthesia 17.0 per cent and with local anesthesia 52.8 per cent. In 
the present study (table 14) inhalation anesthesia used alone was 


Taste 14.—Factors in Mortality in Acute Perforation of Peptic Ulcer 


T 


Cases Deaths Per Cent 
Anesthesia: 
Inhalation only 
Spinal only 
Spinal with supplemental 
Pentothal sodium 


Complication: 
Peritonitis 


attended by a mortality rate of 23.0 per cent, spinal anesthesia given 
alone by 13.2 per cent, spinal with supplemental anesthesia by 12.1 
per cent and pentothal sodium administered alone by 100 per cent 
mortality. These figures strongly favor the use of spinal anesthesia with 
supplemental measures. 

Complications: The mortality rate according to complications in 
this series (table 14) is of interest. In 10 cases of general peritonitis 
the mortality rate was 90 per cent, and in 10 cases of localized peritonitis 


Factor | Deaths Per Cent 
Decades: 
Interval: 
Surgeon: 
10 3 33.3 
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it was 33.3 per cent. In 6 patients in whom pulmonary complications 
followed operation, the mortality rate was 16.6 per cent. In 1 case of 
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11.—Acute perforation in peptic ulcer. 
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Chart 12.—Results of treatment of acute perforation of peptic ulcer. 
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Chart 13.—Factors in mortality in acute perforation of peptic ulcer. 


hepatitis and 1 case of reperforation of ulcer the mortality rate in each 
was 100 per cent. 
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PEPTIC ULCER TREATED BY RESECTION AND 
OTHER SURGICAL PROCEDURES 


Clinical Data.—Duration in Years: The chronicity of peptic ulcer 
up to the time the patient submits to surgical treatment is indicated by 
the duration of symptoms in years. In this group (table 15) the patients 
gave a typical history of ulcer up to one year’s duration in 24 per cent, 
of one to ten years in 36 per cent, of eleven to twenty years in 30 per 
cent and of twenty-one to fifty years in 10 per cent. In 76 per cent of 
the patients in this group, therefore, the history of ulcer was given in 
terms of years rather than weeks or months. 


TaBLe 15.—Clinical Data on Resections and Other Procedures for Peptic Ulcer 


Duration, Yr. 


Major Symptoms: Of clinical interest is the analysis of major symp- 
toms in patients undergoing radical surgical treatment for chronic peptic 
ulcer. Pain was the major symptom in 80 per cent (table 16), bleeding 
in 62 per cent and vomiting in 54 per cent of the cases. These symptoms 
existed singly in only 18 per cent of the cases, whereas all three existed 
in 12 per cent of the cases. In other words, two or more major symptoms 
coexisted in 82 per cent of the cases. For example, multiple hemorrhages 
(from two to six) had occurred previously to operation in 6 per cent 
of cases. 


TABLE 16.—Clinical Data on Resections and Other Procedures for Peptic Ulcer 


Major Symptoms 


Results of Radical Treatment.—Concerning gastric resection or other 
radical surgical treatment of peptic ulcer, Counseller * stated that, whereas 
in 1928 at the Mayo Clinic nearly 40 per cent of patients with duodenal 
ulcer were treated surgically, now less than 15 per cent are subjected to 
operation. Hinton® reported that in his clinics over a fourteen year 


8. Counseller, V. S.: Surgery of the Stomach and Duodenum, S. Clin. North 
America 25:891-902, 1945. 

9. Hinton, J. W.: Surgical Treatment of Chronic Duodenal Ulcer, Bull. New 
York Acad. Med. 22:227-236, 1946. 
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period operation was advised for duodenal ulcer in only 14 per cent 
of the cases. McKittrick and his co-workers,® on the other hand, 
reporting from the Massachusetts General Hospital, stated that during 
1936 and 1941 there were fifty-five subtotal resections performed for 
gastric ulcer and one hundred and twenty-four resections for duodenal 
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Chart 14.—Factors in mortality in acute perforation of peptic ulcer. 


ulcer. Our study (table 3) revealed that resection or other radical 
procedure was carried out for duodenal ulcer in 66 per cent, for gastric 
ulcer in 32 per cent and for marginal ulcer in 2 per cent of the cases. 
Operative Procedure : Of major interest in our group in which radical 
operation was performed is the type of surgical procedure carried out. 
Partial gastric resection was employed in 82 per cent of the cases. Of 
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Chart 15.—Clinical data on resections and other procedures for peptic ulcer. 


these resections, the antecolic Polya type was performed in 27 cases 
(table 17), with a mortality rate of 22.2 per cent. The posterior Polya 
type was used in 8 cases, with a mortality rate of 12.5 per cent. Hof- 
meister anastomosis was utilized in 5 cases, with a mortality rate of 80 
per cent, and the Billroth II procedure in 1 case, without mortality. Of 
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the anastomoses, gastrojejunostomy was used in 6 cases, with a mortality. 
rate of 50 per cent. Gastroduodenostomy was employed in 1 case, 
without mortality. An unusual feature in this group of cases is the fact 
that total gastrectomy was performed in 2 cases, presumedly for car- 
cinoma, without mortality. In 1 of these cases there was found at 
operation diffuse induration of the gastric wall suggestive of carcinoma. 
In the other there were multiple indurated lesions, one at the pyloric 


Taste 17.—Results of Treatment of Resections and Other Procedures for 
Peptic Ulcer 


Proeedure Mortality, % 
Resections: 


Antecolic Polya 

Posterior Polya 

Hofmeister 

Billroth II 
Anastomoses: 

Gastrojejunostomy 

Gastroduodenostomy 
Total gastrectomy 


end and another at the cardiac end of the stomach. Pathologic examina- 
tion of the lesions in these 2 cases proved them to be benign ulcers without 
evidence of malignancy. 

Factors in Mortality—Major Symptoms: The major symptoms or 
indications for which resection or other elective operation was performed, 
along with their relation to mortality, are contained in table 18. The indi- 
cation was intractable pain in 40 cases, with a mortality rate of 30 per cent. 
It was-obstruction in 27 cases, with a mortality rate of 37 per cent. A 
history of bleeding, in most instances combined with other indications, 
was present in 31 cases, with a mortality rate of 25.8 per cent. Acute 
perforation was present in 1 case, with a mortality rate of 100 per cent. 


TasLe 18.—Factors in Mortality in Resections and Other Procedures for 
Peptic Ulcer 


Major Symptoms 


Age: Recently attention in the literature has been given to the varia- 
tions in mortality rate according to the ages of the patients. The age- 
mortality relationship in our series is shown in table 19. In the fifth 
decade there were 14 patients, with a mortality rate of 21.4 per cent. In 
the sixth decade 15 patients underwent radical operation, with a mortality 
rate of 26.1 per cent. There were 12 patients in the seventh decade, 
with a mortality rate of 58.3 per cent. 


27 6 22.2 
5 4 80.0 
1 0 0.0 
6 3 50.0 
1 0 0.0 
2 0 0.0 
Pe Cases Deaths Per Cent 
40 12 30.0 
| 31 8 25.8 
Acute perforation.................. 1 1 100.0 
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Duration: With relation to duration of symptoms, mortality is indi- 
cated in table 19. There were 12 patients in whom the duration of 
symptoms of peptic ulcer was one year or less, with a mortality rate of 
16.6 per cent. There were 18 patients in whom the duration was one 
to ten years, with the same percentage of mortality. In 15 patients 
symptoms of peptic ulcer had existed for eleven to twenty years, with 


TasLe 19.—Factors in Mortality in Resections and Other Procedures for 
Peptic Uleer 


a mortality rate of 33.3 per cent. In 5 patients the duration was twenty 
to fifty years, with a mortality rate of 80 per cent. These figures indicate 
that the shorter the duration, and therefore the younger the patient, the 
lower the mortality rate. 
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Chart 16.—Clinical data on resections and other procedures for peptic ulcer. 


Surgeon: The mortality rate according to the staff rating of the 
surgeon is illustrated in table 19. Senior staff surgeons operated on 15 
patients, with a mortality rate of 13.3 per cent. Junior staff surgeons 
operated on 11 patients, with a mortality rate of 63.6 per cent. Resident 
house surgeons operated on 24 patients, with a mortality rate of 20.8 
per cent. While it is clear that the resident surgeons were assigned the 
cases with the least operative risk, it is difficult to explain why the 
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mortality rate in the patients operated on by the junior surgeons should 
be so high. 

Preexisting Associated Pathologic Changes: In an attempt to deter- 
mine causes of a high mortality rate in some groups a search was made 
for preexisting pathologic changes. In the fatal cases, preexisting patho- 


Taste 20.—Factors in Mortality in Resections and Other Procedures for 
Peptic Ulcer 


Factors Cases Deaths Per Cent 
Preexisting associated pathologic change: 
7 3 42.8 
Carcinoma (larynx)................... 1 1 100.0 
Localized peritonitis................... 1 1 100.0 
Surgical (technic): 
5 2 40.0 
1 1 100.0 
1 1 100.0 
ane 1 1 100.0 
Surgical (beyond control of operator): 
aide 10 2 20.0 


logic changes appeared to be at least partially responsible for the high 
mortality rate, as shown in table 20. Positive serologic reactions were 
present in 7 cases, having a mortality rate of 42.8 per cent. Diabetes, 
carcinoma of the larynx and localized omental abscesses discovered at 
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Chart 17.—Results of treatment in resections of peptic ulcer. 
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operation each were present in 1 case, with a mortality rate of 100 per 
cent. These findings indicate that candidates for radical surgical treat- 
ment should be scrutinized closely for associated pathologic changes. 
Surgical Technic: Mortality as it appeared to be related to surgical 
technic, therefore under control of the operator, is illustrated in table 20. 
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As McKittrick and colleagues * have pointed out, it is well known that 
duodenal blowout is the commonest cause of death in partial gastrectomy 
for duodenal ulcer. Duodenal blowout occurred in 6 cases in this series, 
with a mortality rate of 83.3 per cent. In 4 of these cases duodenal 
ulcers were dissected with difficulty off the head of the pancreas. In 
the fifth case, dissection was not attempted but note was made of extreme 
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Chart 18.—Factors in mortality in resection of peptic ulcer. 


edema of the first portion of the duodenum and a drain was inserted in 
anticipation of possible blowout. The sixth case was one of a gastric 


ulcer penetrating into the body of the pancreas. The ulcer and the 
duodenum were dissected off the pancreas. 
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Chart 19.—Factors in mortality in resections and other procedures for peptic 
ulcer. 


The importance of continuous decompression of the stomach after 
resection now is generally accepted. In only 2 of these cases was 
special nursing available to insure uninterrupted suction through the 
nasal tube. 

Separation of the wound complicated convalescence in 5 cases, with 
a mortality rate of 40 per cent. Bile peritonitis, vicious cycle and shock 
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each complicated 1 case, with 3 deaths, or a mortality of 100 per cent. 
The first of these attended attempt to excise a penetrating duodenal ulcer. 

Surgical Mortality Beyond the Control of the Operator: Surgical 
mortality attributable to factors beyond the control of the operator is 
illustrated in table 20. Pulmonary complications occurred in 10 cases, 
with a mortality rate of 20 per cent. Deep thrombophlebitis occurred in 
3 cases, with a mortality rate of 33.3 per cent. Embolism occurred in 2 
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Chart 20.—Factors in mortality in resections and other procedures for peptic 
ulcer. 


cases, with a mortality rate of 100 per cent. Malnutrition supervened 
in 2 patients, with a mortality rate of 50 per cent. Mesenteric thrombosis, 
cerebral accident and parotitis each occurred in 1 case, with fatal results, 
or a mortality rate of 100 per cent. These complications, therefore, 
account for mortality rate in 18 per cent of cases. 


Tapie 21.—Factors in Mortality in Resections and Other Procedures for 
Peptic Ulcer 


Factor Per Cent 
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Anesthesia: The relation of anesthesia to mortality rate in this series 
is illustrated in table 21. Inhalation anesthesia alone was used in 7 
cases, with a mortality rate of 71.4 per cent. Spinal anesthesia alone 
was used in 6 cases, with 5 deaths, or a mortality rate of 83.3 per cent. 
Spinal with supplemental anesthesia was used in 37 cases, with 4 deaths, 
or a mortality rate of 10.8 per cent. 
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Site and Type of Ulcer: The site and type of ulcer frequently are 
factors in mortality. As indicated previously, this is true especially if 
an attempt is made to excise a duodenal ulcer which penetrates into the 
head of the pancreas. For this reason, Remhoff*® has abandoned 
surgical removal, and McKittrick and associates* have developed the 
two stage resection procedure. As illustrated in table 21, multiple ulcers 
occurred in 5 cases in our series, with 5 deaths, or a mortality rate of 
100 per cent. Only in 6 cases did simple, uncomplicated ulcer occur. 
In this group, however, there were 3 deaths, or a mortality rate of 50 
per cent. Obstruction complicated ulcer in 11 cases, with 2 deaths, or 
a mortality rate of 18.1 per cent. Penetration into adjacent viscera was 
demonstrated in 13 cases, with 2 deaths, or a mortality rate of 15.3 per 
cent. Bleeding was a factor in 2 cases, with 1 death, or a mortality 
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Chart 21.—Factors in mortality in resection of peptic ulcer. 


rate of 50 per cent. Acute perforation was present in 1 case with death, 
or a mortality rate of 100 per cent. Except for acute perforation and 
bleeding, known to be the most serious complications of peptic ulcer, 
the highest mortality rate occurred in simple, uncomplicated ulcers. The 
reason for this is not discernible in this study. 


COMMENT 


As has been pointed out, the period during which these observations 
were made corresponded to the time when the national war effort was at 
its peak. With high national employment, charity hospital census was 
low and made up of aged, disabled or otherwise handicapped persons. 
In addition, the medical and nursing staffs of public hospitals were 
greatly depleted. Beyond question, the results of this study reflect the 


10. Reinhoff, W. F.: An Analysis of the Results of the Surgical Treatment 
of Two Hundred and Sixty Consecutive Cases of Chronic Peptic Ulcer of the 
Duodenum, Ann. Surg. 121:583-599, 1945. 
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inroads on the efficiency of charity hospitals service that inevitably 
resulted from the war. 

It is noteworthy that during the period under observation only 22 per 
cent of patients with peptic ulcer were treated surgically. This fact is 
more significant when it is noted that the figure includes the cases of 
acute perforation. This complication always has accounted for the 
highest number of surgically treated patients with ulcer in the Los 
Angeles General Hospital. In view of these figures, the surgical staff 
is not selecting too great a proportion of patients for surgical treatment. 


With reference to the age at which radical surgical treatment becomes 
necessary, it is our strong belief that all patients with ulcers should be 
treated according to a definite and vigorous medical or surgical program. 
It is only in this way that proper selection of cases can be made for 
either continuation of medical treatment or application of surgical treat- 
ment. If medical treatment is a matter of indifference to a physician 
or a patient, the ulcer is allowed to persist until too frequently complica- 
tions ensue. The good results from operation in such circumstances 
become correspondingly less. Amn analogy to this exists in the manner 
of treating disease of the bile tract, particularly disease of the gallblad- 
der. This is, in our opinion, one of the greatest lessons to be learned 
from studies of this type on patients of charity hospitals. 

Whereas at the time Toland and Thompson reported on acute perfora- 
tion of gastrojejunal ulcer we were able to collect only 103 cases from 
the literature and elsewhere, so many cases have come to our attention 
since then as to give one the impression that they are almost commonplace. 

It is our belief that the absence of a record of previous treatment in 
the group of acute perforations is due to the emergency nature of 
the condition and the fact that frequently the patient is in such poor 
physical condition as to make the taking of a prolonged past history 
unwarranted. 

Whereas a generation ago the criteria for the diagnosis of peptic ulcer 
were not well established, the diagnosis now is made readily, with certain 
exceptions. For confirmation of the clinical diagnosis, the roentgenologic 
examination now is an adjunct* of the utmost value. This is true not- 
withstanding the fact that at times the roentgenologists’ interpretations 
are misleading. Whereas in this series there was a diagnostic error of 
8 per cent, the roentgenogram in most cases did lend material aid in 
localization of the lesion. 

The large number of staff members active in the operative treatment 
of the cases herein reported suggests that the experience and interest in 
gastric surgical treatment of at least some of the surgeons are occasional, 
if not casual. An additional factor in support of this is the fact that there 
were more resections in duodenal than in gastric ulcers. By many 
writers this is thought to be too wide employment of radical operation 
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in duodenal ulcer. A review of the causes of death in resections per- 
formed by junior surgeons does not support the assumption that they 
assumed responsibility for operation wherein the risk was great. On 
the other hand, the great proportion of mortality in patients operated on 
by them seems to have resulted from conditions beyond the control of 
the surgeon. 


With respect to the selection of patients for operation, there are 
several features which seem to merit discussion. When the existence 
of a multiplicity of symptoms in the majority of cases is considered, there 
can be no criticism. However, the question arises regarding the applica- 
tion of radical operation in 6 simple or uncomplicated cases. While this 
in itself does not necessarily warrant censure, the resulting mortality 
rate of 50 per cent offers possibilities for thoughtful self criticism. From 
the standpoint of associated pathologic change, the mortality rate sug- 
gests that more emphasis must be placed on the determination of its 
presence or absence when patients are selected for operation. With 
respect to the decision as to whether or not to dissect out penetrating 
duodenal ulcers, references in the literature can be found to support 
either point of view. 

An over-all mortality rate of 19.3 per cent does not appear too bad 
in light of mortality figures of the past. The fact is that in the series 
reported by one of us from this hospital less than ten years ago the 
mortality rate in surgical treatment of acute perforation alone was 28.7 
per cent. 


The duration of symptoms of peptic ulcer of less than ten years in 
60 per cent of the cases of resection indicates that radical operation was 
not postponed too long in a majority of the cases. However, the fact 
that in 40 per cent of the cases symptoms existed for periods of eleven 
to fifty years distinctly emphasizes the lack of a definite program of 
treatment in this group of patients. Lower mortality rates in younger 
persons are further evidence of the fact that the program of treatment 
should be established early so that should operation become necessary 
it can be applied before the risk increases as a result of advancing years. 

The application of gastric resection, partial or total, in 86 per cent of 
the cases illustrates the trend toward radical operation in the treatment 
of peptic ulcer. Admittedly less effectual procedures such as gastro- 
jejunostomy and gastroduodenostomy were, moreover, accompanied 
with higher mortality figures, being 25.5 per cent and 42.8 per cent 
respectively. 

In the group of simple ulcers wherein the mortality rate was 50 per 
cent (incidentally the highest mortality rate except for the bleeding 
and acute perforations) there were two duodenal ulcers and one gastric 
ulcer. In one of the duodenal ulcers, complicating factors existed, 
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namely, positive serologic reactions and pneumonia. The other was 
complicated by duodenal blowout. The patient with gastric ulcer died 
of postoperative shock. 

Finally, with respect to mortality in general, if we were to subtract 
the unavoidable mortality which appeared to be beyond the control of 
the surgeon and amounting to 18 per cent, the total mortality rate 
would be only 10 per cent. This figure possibly is not too high if we 
take into account the working conditions in this group of patients. On 
the other hand, it is too high according to the criteria that McKittrick 
and his co-workers laid down. An overlapping of the numerous factors 
in mortality is readily recognized. 

To sum up, this study finally reviews the results in a limited field 
of altruistic human endeavor. It was applied in civilian life during war- 
time conditions, not only when the type of patient entering the typical 
charity hospital was influenced but when there was a period of radical 
curtailment of the surgical and nursing services. 
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LIVING FASCIAL SUTURES IN INGUINAL HERNIORRHAPHY 


EUGENE A. GASTON, M.D. 
FRAMINGHAM, MASS. 


E* FECTIVE closure of the inguinal defect in the presence of hernia 
presents a problem which has taxed the ingenuity of surgeons for 
many years. It is the purpose of this communication to present a tech- 
nic for herniorrhaphy which includes, among other important details, 
a broad approximation of the internal oblique muscle to the inguinal liga- 
ment by a combination of nonabsorbable and living fascial sutures, the 
latter from the external oblique aponeurosis. Approximation may be 
secured lateral as well as medial to the internal inguinal ring, and it is 
believed that the broad scar so formed presents a firm and relatively 
nonstretchable barrier to recurrence. A series of two hundred and one 
hernias treated by this method is presented, with a recurrence rate of 
1.74 per cent. 


ANATOMY AND PHYSIOLOGY OF THE INGUINAL REGION 


A clear understanding of the anatomy and physiology of the inguinal 
region is a fundamental requirement for the intelligent treatment of 
hernia. These subjects have been recently reviewed by Anson and 
McVay,’ to whose beautifully illustrated papers the reader is referred. 

The internal inguinal ring is a funnel-shaped defect in the posterior 
fascial covering of the inguinal region through which the spermatic cord 
begins its course from the retroperitoneal tissues through the layers of 
the anterior part of the abdominal wall. This fascia is continued on to 
the surface of the cord as the internal spermatic fascia. 

Except for the peritoneum, the transversalis fascia is the only struc- 
ture making up the posterior wall of the inguinal canal, and its repair 
therefore presents the first important barrier to recurrence of the hernia. 
While there is some difference of opinion as to the exact origin of this 
layer, it is believed to be the aponeurotic extension of either the trans- 
versus abdominis muscle or its fascial coverings. The muscle itself seldom 
extends sufficiently far caudad to be of practical importance in the surgi- 
cal repair of the inguinal region." 


From the surgical services of the Framingham Union Hospital. 

1. Anson, B. J., and McVay, C. B.: (a) The Anatomy of the Inguinal and 
Hypogastric Regions of the Abdominal Wall, Anat. Rec. 70:211-225, 1938; (b) 
Inguinal Hernia: I. The Anatomy of the Region, Surg., Gynec. & Obst. 66: 
186-191, 1938. 
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The internal oblique muscle has an important sphincter-like action 
around the cord at the internal ring. Its inferior fibers take origin from 
the pectineal fascia deep to the inguinal ligament, over an area extending 
from the anterior superior iliac spine to a point somewhat below the 
internal ring. The fibers arising below the internal ring loop around 
the cord and, together with those taking origin more laterally, sweep 
downward and medially to insert in either of two ways. The first, and 
commoner, type of insertion is into the linea alba, pubic crest and pubic 
tubercle. Muscle fibers thus surround the internal ring on three sides 
and when the abdominal muscles are contracted tighten around the cord 
to reenforce this region. Zimmerman * pointed out that the effectiveness 
of this barrier is well illustrated by the fact that even in a patient with 
indirect hernia, in whom the sac is present from birth, the hernia usually 
does not manifest itself by filling of the sac until adult life has been 
reached. 


When the internal oblique muscle inserts as described, the medial 
or lower half of the posterior wall of the inguinal region is reenforced 
by the fibers inserting into the pubic crest and tubercle. The second, and 
less common, type of insertion is into the side of the rectus sheath a 
variable distance above the pubic crest. This type of insertion is found 
chiefly in direct hernias and forms a triangular defect which has been 
called the “inguinal triangle.” This is bounded medially by the lateral 
edge of the rectus sheath, superiorly by the inferior edge of the internal 
oblique muscle and inferiorly by the inguinal ligament. In 1912 Polya * 
showed that in direct hernia the internal oblique muscle often inserted 2 
to 3 cm. above the bone. Bassini * was evidently cognizant of the impor- 
tance of closing this defect, for he advised that the first two sutures be 
applied “‘close to the pubic bone and embrace also the external edge of 
the rectus muscle.” Andrews and Bissell ® measured the distance from 
the pubic crest to the inferior edge of the insertion of the internal oblique 
muscle in a series of twenty direct hernias and found the distance to aver- 
age 5cm. Anson and McVay, working on anatomic material, found the 


2. (a) Andrews, E.: A Method of Herniotomy Utilizing Only White Fascia, 
Ann. Surg. 80:225-237, 1924. (b) McVay, C. B., and Anson, B. J.: Aponeurotic 
and Fascial Continuities in the Abdomen, Pelvis and Thigh, Anat. Rec. 76:213- 
231, 1940. (c) Zimmerman, L. M.: Essential Problems in the Surgical Treat- 
ment of Inguinal Hernias, Surg., Gynec. & Obst. 71:654-663, 1940. 

3. Pélya, M.: Causes des récidives aprés les operations, Presse méd. 20:419, 
1912. 

4. Bassini, E.: On The Treatment of Inguinal Hernia, Arch. f. klin. Chir. 
40:429, 1890; translated by C. R. Robins, Virginia M. Monthly 63:279-283, 1936. 

- 5. Andrews, E., and Bissell, A. D.: Direct Hernia: A Record of Surgical 
Failures, Surg., Gynec. & Obst. 58:753-761, 1934. 
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distance to vary from 0 to 9 cm., while Robins ® frequently found it to 
be “as much as 1% inches.” 


The insertion of the internal oblique muscle into the side of the rec- 
tus sheath is important because not only is the sphincteric action of the 
internal oblique lessened but the reenforcement which its fibers of inser- 
tion otherwise give to the posterior wall is also lost. Since the distance 
between the internal oblique muscle and the inguinal ligament becomes 
progressively less as the internal ring is approached, it follows that the 
chief difficulty in utilizing these structures to close the “inguinal triangle” 
will be at the medial end. Because most recurrent hernias arise in this 
portion of the inguinal canal and are therefore direct, it is probable that 
failure to secure permanent closure of this triangular defect is often 
responsible for their recurrence. 

The term “conjoined tendon” has long been used by surgeons and 
anatomists to indicate a confluence of the tendinous insertions of the trans- 
verse abdominal and internal oblique muscles. Anson and McVay have 
pointed out that such a union takes place, if at all, at a point medial to 
the lateral edge of the rectus muscle. The term usually refers to the 
inferior edge of the internal oblique muscle, which in many persons is 
partially or wholly muscular. Zimmerman stated that, since the struc- 
ture is neither conjoined nor tendinous, “the interests of clarity would 
be better served if the term ‘conjoined tendon’ were abandoned.” These 
authors also pointed out that the free lower border of the internal oblique 
muscle is an artefact produced when the cremaster muscle covering the 
spermatic cord is freed. 

The anterior wall of the inguinal canal is formed by the aponeurosis 
of the external oblique muscle, the lower portion of which folds pos- 
teriorly to form the inguinal ligament. The posterior edge of this ligament 
is attached to the investing fascia of the thigh * and serves as the caudal 
mooring in most technics of inguinal herniorrhaphy. In the inguinal 
region the fibers of the external oblique aponeurosis are parallei to the 
inguinal ligament. Firmly attached at its medial extremity, this apo- 
neurosis is.extremely strong when tested in the direction of its fibers; 
yet its fibers readily separate when pulled at a right angle to their long 
axis. This fact is so obvious that it is difficult to believe that any oper- 
ation in which an attempt is made to reenforce the inguinal defect by the 


6. Robins, C. R.: Direct Inguinal Hernia: Presentation of an Operation 
for Its Cure, Ann. Surg. 108:389-409, 1938; Why Inguinal Hernia Recurs, ibid. 
114:118-128, 1941. 


7. Zimmerman, L. M.: Inguinal Hernia: II. The Surgical Treatment of 
Direct Inguinal Hernia, Surg., Gynec. & Obst. 66:192-198, 1938. 

8. McVay, C. B., and Anson, B. J.: A Fundamental Error in Current 
Methods of Inguinal Herniorrhaphy, Surg., Gynec. & Obst. 74:746-750, 1942. 


otk 
ma 
eti 
sta 
ins 
fre 
of. 
ing 
ob! 
ine 
mc 
the 
the 
ter 
on 
to 
ter 
tra 
sac 
pe: 
in 
rej 
ulz 
pr 
is 
sal 
int 
In 
err 
ab 
ar in 
th 
tec 
20 


ent 


GASTON—INGUINAL HERNIORRHAPHY 417 


use of a flap of this fascia ® could have much to recommend it. On the 
other. hand, because of its strength in the direction of its fibers, strips 
may be advantageously used as fascial sutures. 


THE PATHOLOGIC CHANGES OF INGUINAL HERNIA 


Although indirect and direct inguinal hernias are entirely different 
etiologically, they often present practically the same problem from the 
standpoint of surgical repair. It is, therefore, important to have a clear 
insight into their structural similarities, for not only do the two types 
frequently coexist, but when recurrence takes place after surgical repair 
of either type the recurrent hernia is usually direct. 


Indirect Hernia.—Etiologically, indirect hernia results from the fill- 
ing of a preformed sac, present at birth and resulting from incomplete 
obliteration of the processus vaginalis testis. While herniation of abdom- 
inal contents into this sac is not rare during infancy and childhood, it 
most commonly occurs during the third and fourth decades. The fact 
that the congenitally present sac is often prevented from filling during 
the physically vigorous years of childhood and adolesence, by the sphinc- 
teric action of the internal oblique muscle, has already been commented 
on. When such hernias do occur in children, the force causing the sac 
to suddenly open and fill is usually only enough to overcome this sphinc- 
teric action, there being little or no damage to the muscle or to the 
transversalis fascia adjacent to the internal ring. In such instances the 
sac is the only anatomic defect, and all that is necessary to secure a 
permanent cure is removal of the sac. Such a procedure is satisfactory 
in infants and young children, and Iason,’® among others, has recently 
reported 100 per cent cures in a large series so treated. 

When the force is sufficient to cause pain and local tenderness, partic- 
ularly if the initial injury is followed by a large hernial mass, there is 
probably always an associated injury to the transversalis fascia, which 
is split medially from the internal ring for a varying distance. At the 
same time there is probably also an associated injury to the fibers of the 
internal oblique muscle, which surround and protect the internal ring. 
In hernias which are not promptly treated, the continued filling and 
emptying of the hernial sac causes increasing damage to the structures 
about the internal ring. In extremely old hernias of this type, the split 
in the transversalis fascia may extend along the entire posterior wall of 
the inguinal canal. In these circumstances the inferior epigastric vessels 
may be pushed farther and farther medially, so that the hernia remains, 
technically, an indirect one. This in no way alters the important fact 


9. Andrews, E.: Further Experiences with Purely woman Herniotomy, Ann. 
Surg. 88:874-878, 1928. Zimmerman.’ 


10. Iason, A. H.: » Hernia in Infancy and Childhood, Am. J. Surg. 68:287- 
296, 1945. 
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that the posterior wall of the inguinal canal has received severe and per- 
manent damage. More commonly, the deep epigastric vessels remain 
in their usual location but, because of their elasticity, do not prevent the 
progressive injury to the transversalis fascia. The enlargement of the 
internal ring toward the pubic tubercle continues, and, in persons in 
whom the internal oblique muscle inserts into the side of the rectus 
sheath, the split transversalis fascia presents an avenue for the protrusion 
of the peritoneal sac of a direct hernia. The patient then has a combined 
direct and indirect hernia. 

As the internal ring enlarges there is progressive injury to the other 
structures forming the inguinal canal. Not only is the internal oblique 
muscle stretched and weakened in the part surrounding the internal ring, 
but there is also a similar injury to the fibers inserting into the pubic 
crest, so that the sphincteric action is eventually lost. The protrusion 
of the enlarging hernial mass stretches and separates the fibers of the 
aponeurosis of the external oblique muscle. Such separation is frequently 
seen at operation and casts further doubt on the advisability of using 
this structure as a flap for the repair of inguinal defects. 


Direct Hernia.—The development of primary direct hernia is prob- 
ably influenced by the insertion of the internal oblique muscle into the 
side of the rectus sheath, which thus affords no reenforcement to the 
posterior wall of the inguinal canal. The entire force of intra-abdominal 
pressure is exerted against the transversalis fascia, and, if this is not 
sufficiently strong to withstand the constant fluctuations of abdominal 
pressure, its fibers stretch, become attenuated and finally separate to 
allow the protrusion of a peritoneal sac. 

Because the split in the transversalis fascia is usually wide, extending 
laterally from the edge of the rectus muscle along the posterior wall of 
the inguinal canal, the peritoneal sac usually has a wide internal opening. 
If the hernial mass simply pushes forward the anterior wall of the inguinal 
canal, there is little danger of strangulation. However, as demonstrated 
in the series of cases to be presented, the direct hernial sac often extends 
through the subcutaneous inguinal ring, where strangulation not only 
is possible but is relatively frequent. 


THE SURGICAL REPAIR OF INGUINAL HERNIA 


Until the last decade of the nineteenth century the results of inguinal 
herniorrhaphy were universally poor. During that decade the pioneer 
work of Halstead,*? Bassini * and Ferguson ** pointed the way to vastly 


11. Halstead, W. S.: The Radical Cure of Hernia, Bull. Johns Hopkins Hosp. 
1:12-13, 1889; The Radical Cure of Inguinal Hernia in the Male, ibid. 17:17-24, 


1893; The Cure of the More Difficult as Well as the Simple Inguinal Ruptures, 
ibid. 14:208-214, 1903. 
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superior results. Since then a large amount of literature on the technical 
aspects of the subject has accumulated. With the exception of the work 
of McArthur ** and Gallie and LeMesurier ** on the use of autoplastic 
fascia, little of fundamental importance has been added. For instance, 
recent studies }° comparing the end results of herniorrhaphy using vari- 
ous types of suture material have confirmed the correctness of Halstead’s 
teachings as to the advantages of silk. Similarly, with a few dissenters,’* 
most recent reports*’ show improved results with the use of fascial 
sutures as advocated by McArthur or Gallie and LeMesurier. The fol- 
lowing technic has been used in the series of cases presented in this paper. 


The incision for inguinal herniorrhaphy has received scant attention. Because 
the medial end of the inguinal canal is the point at which recurrence is most 
likely to take place, adequate exposure demands an incision which starts near 
the midline, about 1 cm. above the pubic crest. From this point the incision is 
made parallel to the inguinal ligament and about 2 cm. above it, to a point 2 cm. 
medial to the anterior superior iliac spine (fig. 1A). Adequate exposure is as 
important in herniorrhaphy as in any field of surgery. 

After the external oblique aponeurosis has been freed of subcutaneous fat over 
a wide area, it is incised at the medial pillar of the external inguinal ring and 
split in the direction of its fibers as far as the incision will permit. The internal 
oblique muscle is then widely exposed by separation of it from the external oblique 
aponeurosis. The spermatic cord is freed from the inguinal ligament, the cre- 


12. Ferguson, A. H.: On the Radical Cure of Inguinal and Femoral Hernia 
by Operation, Ann. Surg. 21:547-564, 1895. 

13. McArthur, L. L.: Autoplastic Suture in Hernia and Other Diastases: 
Preliminary Report, J. A. M. A. 37:1162-1165 (Nov. 2) 1901; Autoplastic Sutures 
in Hernia and Other Diastases: Final Report, ibid. 43:1039-1048 (Oct. 8) 1904. 

14. Gallie, W. E., and LeMesurier, A. B.: The Use of Living Sutures in 
Operative Surgery, Canad. M. A. J. 11:504-513, 1921. 


15. Parsons, W. B.: Silk Sutures in the Repair of Hernia, Ann. Surg. 106: 
343-347, 1937. Longacre, A. B.: Follow-Up of Hernia Repair, Surg., Gynec. 
& Obst. 68:239-246, 1939. 

16. Burdick, C. G.; Gillespie, D. H. M., and Higinbotham, N. L.: Fascial 
Suture Operations for Hernia: Summary and End Results of 1,485 Operations, 
Ann. Surg. 106:333-343, 1937. Grace, R. V., and Johnson, V. S.: Results of 
Herniotomy in Patients of More than Fifty Years of Age, ibid. 106:347-362, 1937. 


17. (a) Seelig, M. G., and Chouke, K. S.: A Fundamental Factor in the 
Recurrence of Inguinal Hernia, Arch. Surg. 7:553-572 (Nov.) 1923. (b) Lyle, 
H. H. M.: Fascial Sutures for Inguinal Hernia, Ann. Surg. 88:870-873, 1928. 
(c) Bisgard, J. D.: The Use of Living Sutures of the External Oblique Apo- 
neurosis in the Repair of Inguinal Hernias in Adults, Surg., Gynec. & Obst. 68: 
113-117, 1939. (d) Sachs, L.: Autoplastic Fascia Sutures in Repair of Inguinal 
Hernia, ibid. 69:515-517, 1939. (e) Joyce, T. M.: Fascial Repair of Inguinal 
Hernias: Report of Seven Hundred and Sixty Operations from January 1934 
to January 1939, J. A. M. A. 115:971-977 (Sept. 21) 1940. (f) McCloskey, J. F., 
and Lehman, J. A.: Living Fascial Sutures in the Repair of Large Inguinal 
Herniae, Ann. Surg. 111:610-617, 1940. (g) Ryan, W. J.: Living Fascial 
Suture in the Repair of Inguinal Hernia, Surg.; Gynec. & Obst. 77:535-538, 1943. 
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master muscle fibers separated from the inferior border of the internal oblique 
muscle and the cord retracted to expose the posterior wall of the inguinal canal. 
The important structures at the medial end of the inguinal canal are carefully 
identified. These include the pubic tubercle, the medial extremity of the inguinal 
ligament, the lacunar ligament, the rectus muscle and its sheath and, most important, 
the insertion of the internal oblique muscle, whether it be into the pubic bone or 
into the side of the rectus sheath. 

The hernial sac is then isolated. In indirect hernias this is readily accom- 
plished through a longitudinal incision in the muscular and aponeurotic covering 
of the cord, care being taken to avoid injury to the ilioinguinal nerve. The sac is 
opened and, with a finger inside, separated from the other cord structures by 
gauze dissection. The index finger of one hand is then introduced through the 
neck of the sac, its width estimated and the posterior wall of the inguinal canal 


Fig. 1.—A, incision. B, indirect hernia, showing split in tranversalis fascia. 
C, primary direct hernia. 


and the region of the femoral ring carefully palpated from within the abdomen 
to determine whether or not coincidental direct or femoral hernias are present. 
With the cord retracted laterally to expose the region of the internal ring and 
with the index finger pushing forward the posterior wall of the inguinal canal 
from within the abdomen, the transversalis fascia is carefully freed of fat so that 
its fibers can be clearly identified (fig. 1B). When properly exposed, the split 
that is usually present will be clearly evident. If there is a wide split, the inferior 
epigastric vessels, which lie between the peritoneum and fascia, will be promi- 
nently exposed. 

After proper exposure of the transversalis fascia, the hernial sac is transfixed, 
ligated and amputated at its neck, and the stump is allowed to retract under the 
lateral fibers of the internal oblique muscle. The defect in the transversalis 

- fascia is then carefully closed with a continuous suture (fig. 2A). 

Should a direct hernial sac also be present it is usually not necessary to 

excise it, since it often is only a bulge through an elongated rent in the trans- 
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versalis fascia. Narrow peritoneal diverticula occasionally arise from direct 
hernial sacs,1* and these should be amputated after the necks have been closed 
with transfixion ligatures. 

In primary direct hernia the sac may or may not be opened, depending on 
its configuration. The diffuse bulge need not be opened (fig. 1C), but the more 
pedunculated sac, particularly if it extends through the external inguinal ring, 
should be opened and excised, care being taken to avoid injury to the bladder. 
Whether or not the sac is excised, the rent in the transversalis fascia should be 
painstakingly closed from the pubic tubercle to the internal inguinal ring. 

In all primary direct hernias it is essential that a careful search be made for 
a coexisting indirect sac. If the direct sac is opened this search may be quickly 
made with the exploring finger within the abdomen. If the direct sac is not 
opened the search should be made by separating the structures of the spermatic 
cord in its proximal portion near the internal ring, so that small sacs may not 
be overlooked. 


Fig. 2.—A, closure of the transversalis fascia. B, approximation of the internal 
oblique muscle to the inguinal ligament with interrupted sutures. 


After the transversalis fascia has been closed, a reenforcing layer is secured 
over it by suturing the internal oblique muscle or aponeurosis (if an aponeurotic 
insertion is present) to the inguinal ligament (fig. 2B). In indirect hernias 
this is readily accomplished, since the insertion of the muscle into the pubic crest 
and tubercle leaves only a narrow space between its inferior border and the 
inguinal ligament. When the internal oblique muscle inserts into the side of the 
rectus sheath, as in direct hernia, the closure of the “inguinal triangle” is accom- 
plished in the same fashion except that in the medial portion the side of the 
rectus sheath is approximated to the inguinal ligament from its point of inser- 
tion into the pubic bone up to the point at which it is joined by the insertion of 
the internal oblique muscle. In rare instances this triangular defect is so wide 
that approximation can be accomplished only with great tension. In these cir- 
cumstances the tension should be relieved by a vertical incision made through 
the anterior rectus sheath just lateral to the midline on the same side. Moderate 
tension is relieved by the fascial suture to be described. 


18. Burton, C. C., and Blotner, C.: Diverticular Inguinal Hernia, Surg., 
Gynec. & Obst. 73:212-217, 1941. 
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The approximation of the internal oblique muscle (and rectus sheath, when 
this is necessary) to the inguinal ligament is best done with interrupted 00 silk 
or nylon sutures. Such relatively large suture material has the advantage of 
increased strength as well as of lessened danger of cutting. The accurate approxi- 
mation of these structures is greatly facilitated by the use of an instrument 
designed to hold knots without cutting or otherwise weakening the suture mate- 
rial. A satisfactory instrument for this purpose has been made from a Crile 
hemostat, the serrations of which have been filed away and the edges of the 
jaws rounded off. With such an instrument the first throw of the knot can be 
tightened so that accurate approximation is secured without strangulation of tissue. 
The knot is then held firmly, without slipping, while the second throw is com- 
pleted. 

If an aponeurotic insertion of the internal oblique muscle is present, it is 
desirable that this, rather than muscle tissue, be approximated to the inguinal 
ligament. Often, particularly in indirect hernias, such an aponeurotic layer lies 
‘under a sheaf of muscle tissue at the inferior edge of the internal oblique muscle. 
Removal of this sheaf of muscle tissue will expose the aponeurotic layer. 

If no aponeurotic layer of the internal oblique is present, the muscle tissue 
itself forms a satisfactory layer for approximation to the inguinal ligament. Seelig 
and Chouke17 have shown experimentally that muscle and fascia will unite 
firmly only if there is injury to the muscle tissue. Such injury allows firm 
union to take place between the fascia and the endomysial, epimysial and peri- 
mysial connective tissue of the muscle.1® Controlled injury to muscle to allow 
such muscle-fascia union may be satisfactorily accomplished by the use of a 
reenforcing suture of autogenous fascia. Because of its availability, fascia secured 
from the external oblique aponeurosis is more desirable than fascia lata. 

To develop the reenforcing fascial suture a straight hemostat is applied across 
1 cm. of the medial edge of the external oblique aponeurosis near the anterior 
superior iliac spine, where it begins to thicken before surrounding the muscle. 
The aponeurosis is divided at this point, and a fascial strip 1 cm. wide is separated 
down to its medial attachment, which forms a firm anchorage that is not disturbed. 
The free end is tied with fine cotton or silk, and this ligature used to thread 
the fascial strip through a small-curved, large-eyed needle (fig. 3). 

With the needle firmly affixed, the reenforcing fascial suture is inserted, care 
being taken not to twist it. In both direct and indirect hernias this suture is 
started through the anterior rectus sheath, which is approximated to the fascia 
overlying the pubic tubercle. It is then carried laterally, each stitch being placed 
superficial to, and in between, the silk sutures. In this way the silk is buried 
and a broad approximation of internal oblique muscle to inguinal ligament is 
established (inset, fig. 3). The two structures are accurately approximated, 
even though some tension results, and the fascia is not used to “bridge a gap.” 
The internal oblique muscle is snugly approximated to the inguinal ligament at 
the internal ring, thus reestablishing its sphincter-like action. Lateral to the 
internal ring the fibers of the internal oblique muscle are approximated to the 
inguinal ligament with two or three sutures. When the internal oblique is poorly 
attached lateral to the internal ring, a second strip of external oblique aponeurosis 
may be used as a fascial suture to reenforce the approximation in this region. 
This is left attached at its lateral extremity, and the suturing begins near the 
anterior superior iliac spine and proceeds medially to the internal ring (fig. 4). 


19. Seelig, M. G.: Fundamental Principles Underlying the Operative Cure 
of Inguinal Hernia, J. A. M. A. 88:529-532 (Feb. 19) 1927. 
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When orchiectomy is performed concomitantly, these two strips of fascia may 
be used to reenforce the closure of the entire inguinal region from the anterior 
superior iliac spine to the pubic tubercle. This second fascial suture has been 


Fig. 3.—Fascial suture used to approximate the internal oblique muscle to the 
inguinal ligament superficial to the interrupted sutures. The inset shows the 
broad approximation thus established. 


Fig. 4—A second fascial suture being fhserted lateral to the internal inguinal 
ring. The inset shows complete closure of the inguinal defect after division of 
the spermatic cord preparatory to orchiectomy. 


used in 17 cases in this series (see the following paragraphs), but, since the 
three recurrences encountered were all located lateral to the cord, its more 
frequent use seems to be indicated. 
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The importance of proper and complete closure of the medial portion of the 
inguinal defect in all hernias cannot be too greatly stressed. This is accom- 
plished first by the interrupted sutures, the most medial of which is used to 
approximate the edge of the rectus sheath to the pubic tubercle at a point medial 
to the insertion of the inguinal ligament. The reenforcing fascial suture is then 
started even more medially and in such a manner that the silk is buried by the 
approximation of tissue superficial to it. These two rows of sutures establish 
a broad approximation of muscle to ligament. It is believed that the resulting 
broad scar, in a portion of which the direction of the fibers is controlled by the 
use of fascia, is less likely to stretch or give way than the narrower scar pro- 
duced by the use of either row alone. Evidence in support of this statement 
is found in the series of cases to be presented in which recurrence did not take 
place in the portion of the inguinal canal so treated. 

After the approximation of the internal oblique muscle to the inguinal liga- 
ment is complete and the reenforcing fascial sutures are in place, the external 
oblique aponeurosis is reapproximated with interrupted sutures. Usually sufficient 
aponeurosis remains so that it can be approximated superficial to the spermatic 
cord. In the event that this cannot easily be done, it is approximated deep to the 
cord. Perfect hemostasis is secured, the subcutaneous tissues are closed and the 
skin is accurately brought together. Firm pressure is applied by means of a 
figure of eight bandage. 


Nonabsorbable suture material is unquestionably superior to surgical 
gut in repair of hernias. Fine cotton has proved satisfactory for hemos- 
tasis but, because of the occurrence of weak spots at unpredictable inter- 
vals, has not been used for approximation. Nylon, which is uniform in 
size and strength, has been most satisfactory for this purpose. Size 000 
has been used to close the transversalis fascia, size 00 to approximate 
the internal oblique muscle to the inguinal ligament and size 0000 in the 
external oblique aponeurosis and skin. 


Postoperative care in most of the cases reported herein has included 
ten to fourteen days in bed after operation. During the past year, how- 
ever, all patients have been allowed to “dangle” on the first postoperative 
day and to sit in a chair on the following day. Thereafter increasing 
activity is encouraged, so that by the fourth or fifth postoperative day 
the patient is walking without assistance. Most patients are now dis- 
charged from the hospital on the fifth to seventh postoperative days. To 
date there has been nothing to suggest that such early ambulation has 
been detrimental to sound healing. 


RESULTS 


This series consists of two hundred and one hernias occurring in 170 
patients. All were operated on by me using the technic described, and 
every patient followed has been personally examined. One patient died, 
a mortality rate of 0.5 per cent. For study and comparison the series 
has been divided into indirect hernias, of which there were one hundred 
and seventeen ; direct hernias, of which there were sixty-seven, and com- 
bined direct and indirect hernias, of which there were seventeen. 
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Table 1 shows the age distribution of patients with all types of hernias. 
As is generally true, the patients with indirect hernias tend to fall in the 
younger age groups. Only three hernias occurred in females, two being 
indirect and one direct. 

Of the 169 patients surviving operation, 143, or 84.6 per cent, were 
followed. Out of a total of two hundred operations one hundred and 
seventy-two were followed, a follow-up, by operations, of 86.0 per cent. 


TaBLe 1.—Age Distribution 


Combined Direct and 
Indirect Hernias Direct Hernias Indirect Hernias 
(117 Cases) (67 Cases) (17 Cases) 


“Number Per Cent “Number Per Cent 


Per Cent “Number 


Table 2 summarizes the duration of the follow-up by operations. Of 
the 3 patients who had hernias which recurred, in 2 the condition did 
so within one year after operation and the third was found to have a 
small, asymptomatic recurrence five and one-half years after operation. 

Emergency operations for strangulation were necessary in two (1.7 
per cent) of the indirect hernias, in seven (10.4 per cent) of the direct 


TABLE 2.—Duration of Follow-Up (by Operations) 


Indirect Direct Direct and Indirect Total 
Months Cases PerCent Oases PerCent Cases PerOent Cases Per Cent 


‘ 
12 to 2... 39 40.6 ll 
24 to 17 17.7 14 
56 00 67.000. 00006 ll 11.5 5 
48 to 5O.......... 5 5.2 9 
@ to 6 6.3 7 
72 83.... 3 3.1 6 5.9 10 


hernias and in one (5.9 per cent) of the combined direct and indirect 
hernias. The high incidence of strangulation among the direct hernias is 
antithetical to the statement of Andrews and Bissell,> who found this 
type of hernia “nearly 100 per cent safe” from strangulation. Of the 
10 cases of hernias of all types which were strangulated, 8 were followed, 
in 1 of which the hernia recurred. 

Of the entire series of two hundred and one hernias, seven were 
sliding hernias. Three of these were indirect, all on the left, and four 
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were direct, one on the right and three on the left. Of the five sliding 
hernias which were followed, none recurred. 

Primary repairs were performed‘on one hundred and ninety of the 
hernias of this series, while secondary repairs were done on eleven. Of 
the eleven recurrent hernias, nine had recurred as direct hernias and in 
two the recurrences were both direct and indirect. This emphasizes 
again the importance of securing adequate and permanent reenforcement, 
especially at the medial end of the inguinal canal. The three hernias 
which recurred after operation in the present series all did so lateral to 
the spermatic cord at the internal ring and were, therefore, indirect her- 
nias. None recurred as direct hernias. This indicates that the use of 
nonabsorbable sutures and fascia removed from the external oblique 
aponeurosis for the closure of the medial portion of the inguinal canal 
is a superior method for securing sound and permanent healing. It sug- 
gests the advisability of the more frequent use of the second strip of 
fascia to secure the internal oblique muscle to the inguinal ligament lateral 
to the internal ring. Of the eleven secondary repairs, ten were followed, 
of which one recurred. 

In addition to the difference in insertions of the internal oblique mus- 
cle already referred to, there is a difference in the quality of this muscle 
as observed at operation. In some persons that portion extending from 
the internal ring to its insertion is largely tendinous, with closely knit 
fibers that make an ideal anchorage for sutures. In others, there is little 
or no tendinous structure and the muscle fibers are friable and loosely 
joined. In the latter situation the inadequacy of healing after ordinary 
methods of suture has already been commented on, and it was with the 
hope of overcoming this difficulty that the technic described was used. 
In an effort to evaluate the importance of the structure of the internal 
oblique muscle in relation to the final results with this technic, careful 
notes on its structure were made at the time of operation. The muscle 
was designated as poor if it was entirely muscular and obviously weak in 
structure. It was designated as good when its fibers were mostly or 
entirely tendinous and as fair when between these two extremes. Satis- 
factory notes as to the condition of the muscle were available in one 
hundred and eighty-six herniorrhaphies. 

The condition of the internal oblique muscle seemed to have no rela- 
tion to the duration of the hernia or to whether a truss had been worn. 
With this technic it also seemed to have no relation to recurrence of the 
hernias, since, of the 3 patients who had recurrences, 2 were found to 
have “good” internal oblique muscles and that of the third was classed 
as “fair.” 

A study of figure 5 indicates that the condition of the internal oblique 
muscle is, in some measure, related to the age of the patient. Thus, with 
each succeeding decade the percentage of patients with “poor” internal 
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oblique muscles increases. That the poor condition of the internal 
oblique muscle with advancing years is not related to the type of hernia 
is indicated by the fact that the percentage of patients with poor muscles 
increases in about the same proportion with each succeeding decade in 
each of the three types of hernias. 


COMPLICATIONS 


One death occurred in this series, in a 51 year old man with a direct 
inguinal hernia on the right side which had been strangulated for three 
days before operation. The hernia contained only omentum, which was 
gangrenous. A laparotomy wound was made, and the colon thoroughly 
inspected ; no evidence of injury was found. His postoperative recovery 
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Fig. 5.—Condition of the,internal oblique muscle in relation to age. 


was good until the fifth day, when he suffered a massive pulmonary 
embolism. This was treated by ligation of the femoral veins, but there- 
after he had a swinging temperature of gradually increasing severity, 
believed clinically to be due to pulmonary sepsis. On the eighteenth 
postoperative day abdominal distention without tenderness was noted. 
In spite of vigorous treatment his condition became progressively worse, 
and he died three days later. At autopsy a resolving infarct of the lower 
lobe of the right lung was found. The cause of death was acute, general- 
ized peritonitis arising from a small perforation of the transverse colon. 
The cause of the perforation was not evident at autopsy, but, in retrospect, 
it seems likely that a tiny Richter’s type of strangulation of the trans- 
verse colon was overlooked at operation. 
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Other complications were 3 cases of postoperative atelectasis and 1 
of bronchopneumonia. There was 1 case of hematoma of the scrotum, 
that of a patient who had a concomitant orchiectomy. One patient suf- 
fered thrombophlebitis of the pampiniform plexus, which was treated by 
incision of the tunica albuginea; there was no subsequent atrophy of the 
testis. Wound sepsis occurred in 1 instance, that of a strangulated hernia 
in a man 73 years of age. The wound healed promptly after drainage 
of the superficial tissues, and there was no evidence of recurrent hernia 
four and one-half years after operation. 

Concomitant operation was performed with nineteen herniorrhaphies 
of this series. Hydrocelectomy was done in 4 cases, orchiopexy in 1, 


TABLE 3.—Summary of Results 


Combined Direct 
Indirect and Indirect Total 


% No. % No. % 


Strangulated 
Sliding 


1.74 


orchiectomy in 11 and appendectomy in 3. Except for the scrotal hema- 
toma noted, none of the patients suffered postoperative complications. 

Of the one hundred and seventy-two herniorrhaphies which were 
followed, three recurred, a recurrence rate of 1.74 per cent. One of 
these developed after operation for an indirect hernia of only three and 
one-half weeks’ duration. Sixty-six months later a completely asympto- 
matic recurrence was found at the internal ring, illustrating again the 
necessity for careful examinations in the determination of end results. 
The other two recurrences followed repair of combined direct and indirect 
hernias, one of which was a strangulated recurrent hernia. As noted, 
the recurrences in these 2 instances also took place at the internal ring. 
In none of the hernias which recurred was fascia used lateral to the 
internal ring. 

Table 3 summarizes the statistics of this series. 
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SUMMARY 


1. The anatomy and physiology of the inguinal region are reviewed. 

2. A technic for the surgical repair of inguinal hernias is described 
in which the following points are stressed: (a) an adequate incision, 
(b) ample exposure and painstaking repair of the transversalis fascia 
and (c) broad approximation of the internal oblique muscle to the ingui- 
nal ligament, lateral as well as medial to the internal ring, by means of 
a combination of nonabsorbable and fascial sutures. 


3. The results in a series of two hundred and one herniorrhaphies 
are presented. 
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SACRAL AGENESIS 
Report of a Case 


ALEXANDER LICHTOR, M.D. 
MADISON, WIS. 


ECAUSE of the relatively infrequent occurrence of absence of the 
sacrum, this case is presented. A comprehensive review of the 
literature is given by Zeligs.' 


REPORT OF A CASE 


An infant girl of 8 months (fig. 1) had, in addition to the deformity of the spine, 
bilateral clubfoot, myelomeningocele and hydrocephalus. 

The abdominal and thoracic viscera were examined. Grossly, the only abnor- 
mality observed was the fusion of the kidneys, which were displaced to the left 
side. On dissection of the lower extremities the peripheral nerves and muscles 
appeared normal. Microscopic sections were made from representative areas of 
the central and peripheral nervous systems as well as from muscle groups of the 
lower extremity. Because of degenerative changes of the nerve tissue an accurate 
study could not be made. The muscles and tendons, on the other hand, had not 
undergone excessive degeneration. The striated muscle and tendon appeared to 
be normally developed. There was no fatty degeneration or abnormal deposit of 
fat present. 

The Vertebral Column.—In the study of the vertebral column the roentgeno- 
gram (fig. 2) was checked by direct observation of the dissected material (fig. 3). 
The vertebral bodies caudal to the third thoracic vertebra are shown. The ossi- 
fication centers were single in the fourth and fifth thoracic vertebrae; two, and 
approximately equal, in the sixth thoracic vertebra; two, with one large and one 
small, in the seventh thoracic vertebra, and three small, relatively equal ones in 
the eighth thoracic vertebra. There was a small, single ossification center inter- 
posed between the eighth and ninth thoracic vertebrae. There were two centers 
in the tenth thoracic vertebra, one or two small ones between the tenth and eleventh 
thoracic vertebrae and single ones in the tenth and eleventh thoracic vertebrae. The 
lumbar vertebrae showed sacralization but did not function effectively as a sacrum. 
In ossification the lumbar bodies, like the last thoracic, had. single, separate cen- 
ters when viewed from the ventral surface; when viewed from the dorsal surface, 
there was a long crest projecting and extending to the third lumbar vertebra. 
The ribs were used as the criterion of vertebral level, which may or may not 


From the Department of Anatomy, University of Wisconsin Medical School. 


1. Zeligs, I. M.: Congenital Absence cf the Sacrum, Arch. Surg. 41:1220 
(Nov.) 1940. 
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have been accurate. The vertebrae caudal to the sixth thoracic became wider; 
the vertebrae caudal to the twelfth thoracic had assumed the characteristics of 
sacrum. There was a moderate curve of the vertebral column dorsally and to 
the right; the apex of the lateral right convexity culminated at the eleventh 
thoracic vertebra. The vertebral arches caudal to the sixth thoracic were open. 
Caudal to the lowest left rib was a lamina of bone fused to the left side of the 
vertebral body. Projecting into the vertebral canal from the dorsal surface of the 
vertebral bodies caudal to the twelfth thoracic was a triangular crest of bone 


Fig. 1.—Photograph of an 8 month infant with hydrocephalus, bilateral 
talipes equinovarus and myelomeningocele. 


extending for three segments. In this ridge of bone were three additional ossifi- 
cation centers, and the ossification center for the body at the cephalic end of 
the ridge contributed to the formation of the latter. 


The four caudal ribs on the left were fused. All the ribs were directed 
cephalad rather than caudad. The articulation of the left ilium with the vertebral 
was effected by fibrous tissue; that on the right, however, was brought about by 
cartilage The level of iliac articulation is shown in figure 3. 
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Fig. 2—A, roentgenogram of the spine caudal to the third thoracic vertebra. 
B, tracing of the roentgenogram. 74 indicates the fourth thoracic vertebra, R, the 
fused ribs (four), L, the lamina of bone, and C, the crest of bone. 


Fig. 3—Drawing of the spinal column, dorsal view. 
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The Clubfoot—The ligaments were not thickened. The inferior calcaneo- 
navicular ligament was extremely small, the navicular being in close contact with 
the sustentaculum tali. The ligaments on the medial and plantar surfaces of the 
calcaneonavicular-talar joint were short. The tendons occupied abnormal positions 
due to the altered relationship of the foot to the leg. The metatarsals and cuneiforms 
appeared normal except for orientation in space. The malleoli were normal in 
size and shape but not in position. The cuboid, talus and navicular were altered 
in shape. The calcaneus was not altered in shape but lay in relative abduction 
and eversion. 


ABDOMINAL ACTINOMYCOSIS 


EDWARD M. FARRIS, M.D. 


OKLAHOMA CITY 
AND 


RUSSELL V. DOUGLAS, M.D. 
ATLANTA, GA. 


RIOR to the advent of sulfonamide drugs and penicillin in the 

treatment of abdominal actinomycosis, the prognosis was extremely 
grave.' In 1931 Good? reported 62 cases of actinomycosis of the 
abdomen that had been studied at the Mayo Clinic and of these he was 
able to obtain adequate follow-up reports on 50. Twenty-nine of the 
patients had died, 7 had shown no improvement, 6 patients had shown 
improvement and the disease had apparently been arrested in 8. In 
1936 Wangensteen '* reported 5 cases of abdominal actinomycosis, in 
all of which the patients had had antecedent appendectomy. Four of 
the 5 patients died, while the fifth patient showed improvement. Many 
favorable reports are appearing in the literature substantiating the efficacy 
of the sulfonamide drugs and penicillin in the treatment of all types of 
actinomycotic infections. Undoubtedly, the use of penicillin and sulfon- 
amide drugs may result in the cure of minimal abdominal actinomycotic 
infections. As has been emphasized by Wangensteen ** and Lyons,’ 
the majority of patients with abdominal actinomycosis require the 
drainage of abscesses or the extirpation of the granulomatous lesions 
in order to effect a cure. 

Abdominal actinomycosis is most frequently a disease of adolescent 
and middle-aged males. In the vast majority of cases the etiologic 
agent is a nonmotile anaerobic organism, Actinomyces bovis, the ray 
fungus. In about one fifth of the cases actinomycosis involves the 


From the. Department of Surgery, Emory University School of Medicine and 
Grady Memorial Hospital. 

1. (a) Wangensteen, O. H.: The Role of Surgery in the Treatment of 
Actinomycosis, Ann. Surg. 104:752 (Oct.) 1936. (b) Robson, G. M.: Actino- 
mycosis Starting as Appendicitis with Extensive Visceral Involvement, Am. 
J. M. Se. 181:692 (May) 1931. (c) Davis, M. I. J.: Analysis of Forty-Six 
Cases of Actinomycosis with Special Reference to Its Etiology, Am. J. Surg. 
52:447 (June) 1941. (d) Kolouch, F., and Peltier, L. F.: Actinomycosis, 
Surgery 20:401 (Sept.) 1946. 

2. Good, L. P.: Actinomycosis of the Abdomen, Arch. Surg. 22:307 (Feb.) 
1931. 

3. Lyons, C.; Owen, C. R., and Ayers, W. B.: Sulfonamide Therapy in 
Actinomycotic Infections, Surgery 14:99 (July) 1943. 
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abdomen. The usual portal of entry in the abdominal infections is 
thought to be the alimentary tract.* It is well known that this fungus 
does not cause peritonitis, although it might perforate the wall of the 
gastrointestinal tract and thus give rise to actinomycotic lesions else- 
where in the abdomen. Rare instances of the passage of the fungus 
into the abdomen from the thorax have been reported.’ 

Primary actinomycosis of the stomach: and duodenum occurs 
extremely infrequently.° Nathan has reported a case of primary 
actinomycosis of the stomach in which propagation strictly linked to 
the vascular system could be demonstrated; the infection spread from 
the primary gastric focus via gastric and portal veins to the liver, where 
actinomycotic abscesses were produced, and from the liver through the 
hepatic veins to the lungs. Actinomycosis involving primarily the 
jejunum or ileum is extremely rare. Cope * referred to several reported 
instances of mesenteric involvement in which no lesions of the small 
intestine were demonstrated. 

Apparently a diseased appendix is the site of origin in most cases 
of abdominal actinomycosis. The disease is frequently diagnosed during 
or after an operation for suspected acute appendicitis. It may manifest 
itself as an abscess which surfaces and necessitates surgical drainage or 
as a draining sinus which persists after appendectomy. Often the diag- 
nosis is established during the routine microscopic examination of the 
appendix.’ Once the organism has passed out of the gastrointestinal 
tract,’? it may result in extensive visceral involvement. 

The number of proved actinomycotic lesions involving the colon 
is small. The lesion usually involves the muscular and serosal coats of 
the colon, leaving an intact mucosa. In our reports of cases (cases 4 
and 5) the external wall of the transverse colon was extensively 
involved; the mucosa remained intact. It is interesting to note that 


4. Cope, Z.: Actinomycosis, London, Oxford University Press, 1938. 

5. Ladd, W. E., and Bill, A. H.: Actinomycosis of the Chest with Spread 
to the Abdomen, New England J. Med. 229:748 (Nov. 11) 1943. Hanes, F. M.: 
Actinomycosis of Lungs with Thoracic Fistulae: Abscess of Lower Lumbar 
Region; Involvement of Liver and Spleen; Poor Therapeutic Results with 
Various Treatments, Internat. Clin. 1:213 (March) 1942. 

6. (a) Shearburn, E. W.: Actinomycosis of Stomach and Duodenum: Two 
Cases, Surgery 14:38 (July) 1943. (b) Stravinsky, T.: Actinomycosis of the 
Stomach, J. de chir. 39:366 (March) 1932. (c) Nathan, H.: The Pathways 
of Propagation in Primary Intestinal Actinomycosis, Klin. Wehnschr. 9:1543 (Aug. 
16) 1930. (d) Blain, A. W.: Primary Actinomycosis of the Stomach: Report of 
Case, J. A. M. A. 100:168 (Jan. 21) 1933. (e) Nathan, H.: Primary Gastric 
Actinomycosis, Virchows Arch. f. path. Anat. 273:480, 1929. (f) Fuller, C. C., 
and Wood, H.: Actinomycotic Granuloma of the Stomach, J. A. M. A. 129:1163 
(Dec. 22) 1945. 

7. Aycock, T. B., and Farris, E. M.: Appen‘icitis: The Possible Effects 
of Sulfonamides on Mortality, Ann. Surg. 121:710 (May) 1945. 
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in both of these cases (cases 4 and 5) an abdominal mass was palpable 
prior to operation, and it seems possible that occasionally similar con- 
ditions are mistaken for carcinoma. The liver may become involved 
by direct invasion or by dissemination of the actinomyces through the 
portal or systemic circulation. There are many reports in the liter- 
ature of secondary involvement of the liver ; the prognosis in these cases 
is. extremely grave.* While the liver is so frequently involved, appar- 
ently only 2 cases of isolated actinomycosis of the gallbladder have been 
reported.® Involvement of the kidneys, although rare, may occur by 
direct invasion or by hematogenous spread.* 

Once the infection is established in any abdominal organ or tissue, it 
may spread to involve the subphrenic space,’® the psoas regions or the 
pelvic structures." Tissue planes do not necessarily confine the involve- 
ment to any specific area. 

The diagnosis is established by demonstration of the typical sulfur 
granules, by culture or by microscopic examination of the diseased 
tissue. 

Five patients with abdominal actinomycosis have been treated at 
the Grady Memorial Hospital in the twenty-two months prior to the 
writing of this paper, without mortality, by the combined use of surgical 
treatment and prolonged chemotherapy. Apparent cures have resulted 
in all 5 cases. 

REPORT OF CASES 

Case 1—A. B. G., an 18 year old Negro woman, was first admitted to the 
Grady Memorial Hospital on July 21, 1944, with the complaints of loss of appetite 
and pain in the left flank during the preceding month. Physical examination 
revealed a large fluctuant mass in the left lumbar region, and on the day after 
admission an incision and drainage of the mass yielded 75 cc. of thick, ‘yellow, 
purulent material, which grew only staphylococci on culture. With chemotherapy 
she improved, and all drainage had subsided within one month. 

Six months later she was readmitted, with recurrent abscesses in the left side 
of the anterior abdominal wall, which required drainage. Repeated microscopic 
examination of the tissue lining the abscess cavities revealed typical actinomycotic 
lesions (fig. 1). Sulfadiazine (4 to 6 Gm. daily) and a total dosage of 1,200,000 
units of penicillin were administered. Under this regimen the patient improved, 


and she was discharged from the hospital with instructions to continue the sulfa- 
diazine therapy. 


8. (a) Dobson, L., and Cutting, W. C.: Penicillin and Sulfonamides in the 
Therapy of Actinomycosis, J. A. M. A. 128:856 (July 21) 1945. (b) Cope. 

9. Sullivan, R. C.; Francona, N. T., and Ragins, A. B.: Actinomycosis of the 
Gallbladder, J. A. M. A. 113:408 (July 29) 1939. Mayo-Robson, A. W.: Actino- 
mycosis of the Gallbladder, Tr. M. & Chir. Soc. 88:225, 1905. 
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In August 1945 the patient was again seen and found tg have two draining 
sinuses, one in the left flank and the other in the left inguinal region, from 
which sulfur granules were recovered. The patient had discontinued the sulfa- 
diazine therapy shortly after leaving the hospital. Treatment at this time con- 
sisted of sulfadiazine (4 to 6 Gm. daily) and total dosage of 5,085,000 units of 
penicillin. With this therapy the sinuses practically ceased to drain, the sulfur 
granules disappeared and the patient’s general condition improved to such extent 
that she was discharged on Oct. 11, 1945. 

The patient was followed in the outpatient department until July 12, 1946, and 
during this entire time had continued the sulfadiazine therapy. On this date she 
was readmitted to the hospital because the drainage from the sinuses in the left 
flank and left inguinal region had increased. Roentgenographic studies following 


Fig. 1—Photomicrograph showing granule of actinomycosis in abscess on the 
margin of sinus tract on the anterior abdominal wall (taken from case 1). 


the injection of iodized oil into the sinus tracts revealed a fistulous communication 
with the sigmoid colon. 

On August 2, after preparation of the bowel with succinylsulfathiazole, an 
extensive surgical excision of the draining sinuses was performed. Through 
a separate incision the distal one half of the transverse colon, the descending 
colon and the sigmoid colon were resected, including a block dissection of the 
enlarged regional nodes, and an anastomosis of the transverse colon to the rectum 
was done. Numerous sections, as well as cultures, of the surgically excised speci- 
mens revealed no evidence of actinomycotic infection. The large denuded area 
in the left abdominal wall and flank was covered with split thickness skin grafts 
approximately four weeks later, and by November 1 complete healing of the wound 
had occurred. During this last period of hospitalization the patient received 6 Gm. 
of sulfadiazine per day in addition to 400,000 units of penicillin daily. 
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Case 2.—R. T., 4 32 year old Negro man, was admitted to the Grady Memorial 
Hospital on Jan. 30, 1945. Eight days prior to admission the patient began to 
feel weak and experienced suprapubic pain on urination. Five days later he began 
to have nausea and vomiting; the pain shifted into the right lower quadrant and 
becathe severer. 

Physical examination on admission revealed a temperature of 100.6 F., a pulse 
rate of 100 and a respiratory rate of 18. There was a mass palpable in the 
suprapubic region, extending into the right lower quadrant. Rectal examination 
revealed the mass to extend beyond the midline to the left. The white blood cell 
count was 15,000. Microscopic examination of the urine revealed 15 to 20 white 
blood cells per high power field. 

The diagnosis of appendical abscess was made, and the patient was treated 
with nasogastric suction, parenteral administration of fluids and sulfadiazine sub- 
cutaneously. The mass did not decrease in size, and on February 5 an incision 
and drainage through a McBurney incision on the right side were performed; 
approximately 50 cc. of yellow purulent material was obtained. The wall of the 
abscess cavity was thick, edematous and lined with granulation tissue. A large 
amount of the granulation tissue was scraped out of the wound, which was then 
packed open. A diagnosis of actinomycosis was confirmed by culture of the 
purulent material and by microscopic examination of the granulation tissue. 

Postoperatively the patient was given sulfadiazine (4 to 6 Gm. daily) and a 
total dosage of 2,460,000 units of penicillin. The wound healed, and the patient 
was discharged on April 10, 1945, in good clinical condition. The patient did not 
visit the surgical clinic regularly after his discharge, but he did continue the 
sulfadiazine therapy (4 Gm. daily) until readmission on Aug. 24, 1946. An elective 
appendectomy was performed on August 27 through a right paramedian incision. 
The appendix contained a large fecalith and was bound to the sigmoid colon. 
There was no evidence of active actinomycotic infection present, and the wound 
was closed without drainage. 

Microscopic examination of the appendix and cultures of its contents revealed 
no evidence of actinomycotic infection. The patient was given sulfadiazine (4 Gm. 
daily) as well as penicillin (50,000 units every three hours, intramuscularly) dur- 
ing this stay in the hospital. He remained afebrile, and at the time of discharge 
on September 6 the wound had healed without incident. 

The patient was seen in the outpatient surgical clinic on Nov. 1, 1946, at which 
time he appeared to be entirely well. 


Case 3.—J. B., a 53 year old Negro man, was admitted to the Grady Memorial 
Hospital on Feb. 26, 1945. Five days before admission the patient had gradual 
onset of pain in the region of the umbilicus, which gradually spread over the entire 
abdomen. Although the pain was generalized, the point of maximum tenderness 
was in the right lower quadrant. The patient began vomiting one day before 
admission and had vomited three or four times. 

Physical examination on admission revealed a temperature of 100F., a pulse 
rate of 90 and a respiratory rate of 16. There were moderate abdominal disten- 
tion and generalized abdominal tenderness. Auscultation revealed hypoactive 
peristalsis. The point of maximum rebound tenderness was in the right lower 
quadrant, but no mass was palpable. A roentgenogram of the abdomen revealed 
changes consistent with the diagnosis of small intestinal obstruction in the region 
of the lower part of the ileum. 

A Miller-Abbott tube with attached Wangensteen suction was used preopera- 
tively, and the patient was given parenteral therapy with fluids and sulfadiazine. 
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Sixteen hours after admission an operation was performed through a right para- 
median incision. There was approximately 500 cc. of thin purulent material free 
in the abdominal cavity. A perforated appendix surrounded by edematous and 
indurated tissues was found in the right lower quadrant. The appendix was 
removed, and the abdomen was closed without drainage. 

On microscopic examination the appendix was found to contain actinomyces. 
The fluid aspirated from the abdominal cavity grew beta hemolytic streptococci 
and Staph. albus on culture. The sulfadiazine therapy was continued postopera- 
tively, and on the fourth postoperative day administration of penicillin (10,000 
units every three hours, intramusularly) was begun. On the fifth postoperative 
day an abscess developed at the lower end of his incision, which was drained. 
Administration of penicillin was discontinued on the twenty-first postoperative 
day, after the patient had received a total of 1,230,000 units. There was no sinus 
tract or drainage after the twenty-second postoperative day. 

He was discharged on March 27, 1945, with instructions to continue his sulfa- 
diazine therapy, 4 Gm. daily. 

He was seen periodically in the outpatient surgical clinic and remained asymp- 
tomatic until June 23, 1946. On this date he had superficial ulceration at the 
site of the previous operative incision. The wound was thoroughly scraped at 
this time, and microscopic examination of the scrapings of the wound showed no 
evidence of actinomycotic infection. The wound was completely healed on July 
11, 1946. 

When last seen.in the surgical clinic, on Nov. 1, 1946, the patient was asymp- 
tomatic and continuing his sulfadiazine therapy (4 Gm. daily). 


Case 4.—E. H., a 9 year old Negro boy, was admitted to the Grady Memorial 
Hospital on March 22, 1945. His history dated back to January 1945, at which 
time he had been ill for about two weeks with abdominal pain, vomiting and 
diarrhea. He recovered from this attack and apparently had been getting along 
fairly well until four days prior to admission, when he began to complain of gen- 
eralized abdominal pain, which was apparently severest in the right lower quadrant. 
The pain persisted, and on the day before admission he experienced nausea and 
vomiting. Bowel movements remained regular and normal in character. 

Physical examination on admission revealed a temperature of 101 F., a pulse 
rate of 100 and a respiratory rate of 20. There was a well defined, movable, 
soft, exquisitely tender mass measuring approximately 5 by 7 cm. just to the 
right of the umbilicus. There was moderate muscular spasm throughout the 
abdomen. Rectal examination was noncontributory. The white blood cell count 
on admission was 17,500; the urinary examination was noncontributory. 

He was given sodium sulfadiazine subcutaneously on admission, and other 
supportive measures were instituted. The day following admission, exploratory 
celiotomy was performed and an inflammatory mass measuring approximately 
8 by 4 by 2 cm. was found on the antimesenteric border of the transverse colon. 
An obstructive resection of the transverse colon was done, and on the fifth post- 
operative day the clamps were removed. Microscopic examination of the specimen 
revealed actinomycosis involving the transverse colon. 

On April 2, 1945, a spur-crushing clamp was applied to the septum between 
the two segments of exteriorized bowel. On May 12, after preparation with 
succinylsulfathiazole, the colostomy was closed by an extraperitoneal procedure, 
and the bowel was dropped beneath the anterior rectus sheath. The incision was 
completely healed on May 29. He received sulfadiazine, 1 Gm. four times daily, 
while in the hospital and was discharged with instructions to continue use of 
sulfadiazine, 1 Gm. twice daily. 
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The patient was readmitted on July 17, 1945, at which time he was com- 
plaining of generalized abdominal pain associated with nausea and vomiting. A 
diagnosis of partial intestinal obstruction was made, and a regimen of conserv- 
ative management was instituted. With nasogastric suction, penicillin and sulfa- 
diazine therapy he rapidly improved, and on July 23 a study after a barium 
enema revealed that the transverse colon was slightly constricted at the site of 
the previous resection. A series of roentgenograms of the gastrointestinal tract 
on July 26 was entirely normal. 


The patient was discharged from the hospital on July 28, with instructions 
to continue to take sulfadiazine, 1 Gm. twice daily. At the last visit to the out- 
patient surgical clinic, on Nov. 1, 1946, the patient was asymptomatic, gaining 
weight and continuing the sulfadiazine therapy, 2 Gm. daily. 


Case 5.—K. M., a 39 year old Negro man, was admitted to the Grady Memorial 
Hospital on Nov. 20, 1945. On November 18 he had been awakened at night 
with intermittent pain in the right paraumbilical region. The following morning 
the pain had localized in the right lower quadrant, where it had remained until 
the patient’s admission to the hospital. 


Physical examination on admission revealed a temperature of 99.2 F., a pulse 
rate of 100 and a respiratory rate of 20. There was tenderness over McBurney’s 
area, rebound tenderness and moderate muscle spasm in the right lower quadrant. 
A tender mass was palpable just to the right of the umbilicus. Examination of 
the urine was noncontributory. The white blood cell count was 9,950. 


Shortly after admission an exploratory celiotomy through a right paramedian 
incision was performed. A large inflammatory mass, which was freely mov- 
able, was found on the antimesenteric border of the transverse colon. The 
regional lymph nodes were not enlarged, and there was no attachment of the 
mass to the surrounding structures. An obstructive resection of 15 cm. of the 
transverse colon was performed. 


Examination of the specimen revealed a firm mass adherent to the antimesen- 
teric border of the transverse colon, which measured 12 by 8 by 6 cm. and 
weighed 330 Gm. The mucosa of the colon was not involved by the inflammatory 
process (fig. 2). Microscopic examination of the specimen revealed many colonies 
of actinomyces. 

The postoperative course was uneventful, and the patient was discharged from 
the hospital on December 20. He had received sulfadiazine (4 to 6 Gm. daily) 
while in the hospital and was instructed to continue this therapy. 


The patient returned on December 27, and on December 29 colostomy closure 
was performed. Again sulfadiazine therapy was administered, and he was dis- 
charged on Jan. 7, 1946. 


The third hospital admission was on March 28, 1946. The patient stated that 
he had been taking sulfadiazine (4 Gm. daily) since his last discharge from the 
hospital. He stated that one day before this admission he experienced a severe 
cramping pain in the left upper quadrant. There was some nausea and vomiting. 
Physical examination on admission revealed a temperature of 100.6 F., a pulse 
rate of 100 and a respiratory rate of 22. There was moderate abdominal disten- 
tion, rebound tenderness in the left upper quadrant and hypoactive peristalsis. 
A roentgenogram of the abdomen (upright and recumbent positions) revealed 
several loops of distended intestine throughout the midabdomen. Several horizon- 
tal fluid levels were present in the intestinal loops. The white blood cell count 
was 12,500. 
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A conservative regimen was decided on, and therapy consisted of the follow- 
ing Miller-Abbott intubation, parenteral administration of sulfadiazine (6 Gm. 
daily), 20,000 units of penicillin every three hours (intramuscularly) and other 
supportive therapy. 

On April 4 fluoroscopic and roentgenologic studies of the abdomen revealed 
a large abscess cavity filled with fluid and gas in the left side of the midabdomen 
and adjacent to the anterior abdominal wall. On April 5 incision and drainage 
were performed through a left midrectus incision. On opening the peritoneum 
directly over the abscess, there was an immediate gush of foul, fecal, odorous 
fluid material from the cavity. Approximately 2,000 cc. of fluid was aspirated 
from the cavity, which appeared to be well walled off by loops of intestine from 
the general peritoneal cavity. Culture, as well as microscopic examination of 


Fig. 2—Cross section through the transverse colon (taken from case 5), 
showing intact mucosa with a large tumor-like actinomycotic lesion attached to 
antimesenteric border of colon. (Centimeter rule in background.) 


biopsy material taken from the wall of the cavity, revealed no evidence of actino- 
mycotic infection. 

Postoperatively a small intestinal fistula developed at the operative site. Intra- 
muscular administration of penicillin, as well as supportive measures, was con- 
tinued. It was necessary to discontinue sulfadiazine therapy on April 11 because 
of renal complications. 

On June 28, after preparation with succinylsulfathiazole, celiotomy was per- 
formed through a right paramedian incision, and the fistula was found to be in 
the ileum. The lumen of the small intestine just distal to the fistula was almost 
completely obliterated. A 30 cm. segment of the involved ileum was resected, 
and an end to end anastomosis was performed. The fistulous tract in the abdominal 
wall was excised. Cultures, as well as numerous sections of the surgically excised 
tissues, revealed no evidence of actinomycotic infection. 
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On the thirteenth postoperative day a partial small intestinal obstruction 
developed, which was completely relieved by Miller-Abbott intubation. Healing 
of the laparotmoy wound was per primam. The area of the fistulous tract 
gradually filled in with granulation tissue and by July 25 it was completely 
healed. Penicillin (20,000 units every three hours, intramuscularly) was adminis- 
tered during this entire stay in the hospital. 

He was discharged on July 27. Because of the renal complications which 
developed during the patient’s last admission to the hospital, further administra- 
tion of sulfadiazine was not advised. When last seen in the surgical outpatient 
clinic, on Nov. 1, 1946, the patient had gained 40 pounds (18 Kg.) in six months 
and had no complaints. 


COM MENT 


Potassium iodide and thymol'* were extensively employed in the 
treatment of actinomycotic infections before the advent of sulfonamide 
drugs and penicillin, with some apparent success. Other therapeutic 
agents which have been used in actinomycotic infections are irradiation,’ 
foreign protein, neoarsphenamine, copper sulfate ** and combined gold- 
vaccine therapy.'* Christopher ‘* has reported the use of zinc peroxide 
in conjunction with surgical treatment and administration of sulfonamide 
drugs in the treatment of abdominal actinomycosis. 

That chemotherapeutic agents have been valuable in the treatment 
of actinomycosis is now a well established fact.‘* Sulfadiazine has 
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proved to be highly fungistatic in both clinical '* and in vitro ™ studies. 
Lyons * has emphasized the necessity of continuous sulfonamide therapy 
(4 Gm. daily over a period of many months) in order to prevent recur- 
rence and to effect a cure. 


The status of penicillin in the treatment of abdominal actinomycosis 
is not yet clear, although the recent reports on its clinical use are encour- 
aging.** Actinomyces bovis is susceptible to penicillin in vitro.’® 
Keeney ** stated that Actinomyces bovis, in regard to its susceptibility 
to penicillin, is more like a bacterium than like a fungus. He 
found that the actinomyces were inhibited and apparently killed by a 
concentration of 0.01 Oxford unit of penicillin per cubic centimeter of 
medium. Dobson and Cutting ** studied the relative chemotherapeutic 
potency of sulfadiazine and of penicillin against Actinomyces bovis. 
They concluded that “unless exceptionally high concentrations of peni- 
cillin are used, this drug appears to be slightly inferior to sulfadiazine 
against various strains of actinomyces in vitro and that the combination 
of the two drugs in usual dosage does not improve the results.” Many 
more clinical reports will have to be analyzed before the value of peni- 
cillin in the treatment of this disease can be definitely established. We 
have used it in all our cases in conjunction with sulfadiazine therapy. 
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The value of chemotherapy in the treatment of abdominal actinomycosis 
is supported by the fact that, after its prolonged use, the numerous micro- 
scopic sections and repeated cultures of the surgically excised tissue 
showed no evidence of actinomycotic infection in 4 of the 5 cases 
reported here. 

As has been previously pointed out in this paper, surgical treatment 
is of utmost importance in the treatment of abdominal actinomycosis.”° 
Surgical drainage of all abscesses and excision of diseased tissue, insofar 
as can be achieved, remains a most important factor in the treatment 
of this disease. 

SUMMARY 

1. A brief résumé of the clinical manifestations and therapy of 
abdominal actinomycosis is presented. 

2. Five cases of abdominal actinomycosis treated at the Grady 
Memorial Hospital are reported. Apparent cures have resulted in all 
5 cases. 

3. Prolonged chemotherapy combined with adequate surgical treat- 
ment is presented as the treatment of choice in abdominal actinomycosis. 


Dr. William C. Ward, Emory University School of Medicine, Emory University, 
Georgia, gave advice and many helpful suggestions. 


20. Wangensteen.** Lyons, Owen and Ayers. 
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PROGRESS IN ORTHOPEDIC SURGERY FOR 1945 


A Review Prepared by an Editorial Board of the American Academy 
of Orthopaedic Surgeons 


X. INFANTILE PARALYSIS 
Prepared by 
Cc. IRWIN, M.D. 
WARM SPRINGS, GA. 


(Continued from page 364) 


Etiology and Pathogenesis According to Toomey,** the portal of 
entry for the virus of poliomyelitis is by way of the gastrointestinal 
tract rather than by the olfactory bulb. In reviewing histories. of 
affected persons, the author noticed that they usually had some symptom 
referable to the gastrointestinal tract. An early sign was paralysis of 
the gastrointestinal tract and commonly paralysis of the bladder. These 
symptoms were noted long prior to the development of somatic paralysis 
of the periphery. Monkeys were used for experimental work. The 
urinary flow was blocked in 6 animals by the production of uroliths with 
sulfonamide drugs. In 6 animals the virus was injected intracerebrally. 
In those receiving the drug urinary retention developed, and they showed 
symptoms of the disease three or four days before the control animals. 
The same type of animal was used to show that the disease could be 
produced by way of the gastrointestinal tract. Because it was felt that 
Macaca rhesus monkeys had a natural resistance against the disease, 
they were operated on and the virus injected in two ways: (1) sub- 
serosally, to allow direct approach to the peripheral nerve in the intestine, 
and (2) directly into the lumen of the intestine after it had been clamped. 
After the experimental work, Toomey contended that the body absorbs 
the virus along the gastrointestinal tract from the stomodeum downward, 
usually in the vicinity of the ileocecal valve. 

Fox and Sennett *** point out that poliomyelitis occurs infrequently 
in pregnancy, some 85 cases having been reported. They present 4 cases 
from their own clinic in which pregnant women acquired acute anterior 
poliomyelitis and briefly review the literature on this subject. Their 
conclusions were as follows: 1. Pregnancy increases susceptibility to 
poliomyelitis. 2. This increased susceptibility may possibly be due to 
the changes in ovarian secretion at this time, although pituitary dys- 
function and fetal hormones upsetting the mother’s endocrine balance 
may also be suspected. 3. Poliomyelitis in the mother does not affect 
the newborn child, nor does it hamper normal spontaneous delivery. 


265. Toomey, J. A.: Poliomyelitis, Kentucky M. J. 43:111-113 (April) 1945. 
266. Fox, M. J., and Sennett, L.: Poliomyelitis in Pregnancy, Am. J. M. Sc. 
209 : 382-387 (March) 1945. 
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Avery *** reports a clinical case because of unusual features of syphi- 
litic involvement of the spinal cord. A 26 year old white woman entered 
the hospital in January 1926, complaining of progressive weakness of 
the legs of two months’ duration. The onset was insidious. Weakness 
of the legs was noticed when she was forced to run or to climb stairs. 
When she fell, great difficulty was experienced in rising to her feet. No 
pain, numbness or disturbance of the sphincters was noted. Exami- 
nation revealed motor weakness of the lower extremities, with impair- 
ment of adduction, abduction and rotation of the thigh on the left but 
with little weakness of the same regions on the right. The patellar 
tendon reflex on the left was weak, and that on the right was brisk. The 
same was true of the reflexes of the achilles tendon. Wassermann tests 
of the blood and spinal fluid gave strongly positive reactions. The spinal 
fluid contained 47 lymphocytes; it elicited a positive globulin reaction, 
and the gold curve was 0123310000. 

Three types of syphilis of the spinal cord are considered—meningo- 
myelitis marginalis, transverse myelitis and intermittent claudication of 
the spinal cord. A diagnosis of subacute syphilitic anterior poliomye- 
litis seems to best explain the clinical course, the character and the dis- 
tribution of symptoms. The poliomyelitic syndrome due to syphilis is 
not infrequently encountered. 

The patient was placed on antisyphilitic therapy and had recovered 
all her motor power and had negative serologic reactions at the end of 
one year. She was followed for fourteen years, during which time no 
recurrence of the difficulty was observed. 

Green,”** in commenting on the destructive action of the poliomye- 
litis virus, points out that the pathologic process in the central nervous 
system is generalized, involving the spinal cord, meninges, brain, medulla, 
pons and posterior ganglions. Reference is made to recent work which 
suggests that the effects of the disease arise mainly by the intraneuronal 
action of the virus and that the interstitial manifestations are secondary. 

The original considerations of the disease, as outlined by Robert 
Lovett for the Harvard Infantile Paralysis Commission in 1916, are 
listed. A discussion of the three phases is made. Various evolutionary 
changes in therapy at the Harvard Clinics have come about. Mention 
is made of the change from complete immobilization for long periods 
in plaster splints to much shorter intervals. Guided active motions are 
started earlier in the acute stage than formerly. 

Comments are made concerning muscle analysis, hot packing, reedu- 
cation of muscles and early walking as outlined by Sister Kenny. The 


267. Avery, L. W.: Luetic Meningomyelitis with Subacute Anterior Polio- 
myelitis: Clinical Case Report, Urol. & Cutan. Rev. 49:89-90 (Feb.) 1945. 

268. Green, W. T.: Diagnostic and Therapeutic Considerations in Anterior 
Poliomyelitis, Rhode Island M. J. 28:89-93 (Feb.) 1945. 
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author states the opinion that the Kenny treatment is not so radical a 
change in therapy as the terminology and the comments would suggest. 

Diagnosis —Because there was a group of patients seen during the 
1943 epidemic of poliomyelitis who had symptoms suggestive of polio- 
myelitis which still could not be classified properly as such, Paul and 
his associates *** attempt to clear up a confusing problem by reviewing 
the cases of 10 patients with this unnamed syndrome. The outstanding 
symptoms of the illness were elevated temperature, headache, pain in 
limbs, vomiting and lymphadenopathy. These were of sudden onset with 
chills. Physical signs were almost absent, and results of laboratory 
studies, including lumbar puncture, were essentially normal. All patients 
recovered without complications or sequelae. 

Various other epidemics of similar types are described, and such 
diseases as “pretibial fever,” Rocky Mountain spotted fever, typhus, 
typhoid, tularemia and influenza are closely related entities to be con- 
sidered. No term is given for the syndrome, and the authors are content 
to designate the malady as a “‘dengue-like” disorder. The cause of the 
disease is unknown, and were it not for the awareness of poliomyelitis 
in the vicinity these patients would not have been originally admitted 
to the hospital with this tentative diagnosis. 

Farril **° in his article reveals that in Latin America poliomyelitis 
exists throughout the year spasmodically and endemically. He states 
that diagnosis presents a challenge and that if there is ever a doubt of 
a diagnosis one should always treat the disease as poliomyelitis. He 
reports the use of serum in his cases and adheres to the belief that this 
is a valuable adjunct in the early stages. He then considers some of the 
commoner diseases which must be ruled out in diagnosing early polio- 
myelitis. These include meningitis, encephalomyelitis, lymphocytic 
choriomeningitis, rheumatic fever, postinfectious meningitis, trichinosis, 
acute rheumatism, epiphysitis, osteomyelitis, peripheral neuritis, post- 
diphtheritic paralysis and polyneuritis. He also considers many of the 
less common neurologic syndromes. 

In their electromyographic studies, Kohn and his co-workers **! have 
come to the following conclusions: 1. Paretic and paralyzed muscles 
involved in poliomyelitis infrequently show electromyographic evidence 
of spasm while at rest. 2. A small percentage of such muscles show con- 
stant potential discharges when stretched. Intermittent discharges are 


269. Paul, W. D.; Antes, E. H., and Sahs, A. L.: Dengue-Like Fever Occur- 
ring in Iowa During the Poliomyelitis Epidemic of 1943, Arch. Int. Med. 75:184- 
191 (March) 1945. 

270. Farril, J.: Differential Diagnosis of Infantile Paralysis, Medicina, 
México 24:467-470 (Dec. 25) 1944. 

271. Kohn, P. M.; Zucker, E. M., and Toomey, J. A.: Electromyographic 
Studies in Poliomyelitis, J. Nerv. & Ment. Dis. 102:433-439 (Nov.) 1945. 
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found more frequently. 3. Evidence of disorganization of the neuromuscu- 
lar mechanism as manifested by disordered reciprocal and crossed inner- 
vation is a common finding. 

It is the opinion of Frohring and his associates *** that changes in 
sensory involvement have not been demonstrated in patients with polio- 
myelitis because the ordinary methods of measurement are too gross to 
detect minute quantitative or qualitative changes in sensation. A recently 
developed pallesthesiometer has been found satisfactory to test these 
patients. The pallesthesiometer quantitatively measures the vibratory 
sense. To determine the vibratory sense at various points on the body, the 
disk is applied locally, and the operator gradually increases the amplitude 
of vibration until the patient first becomes aware of the vibration. 

A second and more delicate evaluation of the vibratory sensibility 
can also be made, namely, the adaptation, or “fatigue,” response. Four 
test points were selected and marked in ink, thereby assuring the same 
spot for various readings and lessening the chance for variables. Eleven 
patients with poliomyelitis were tested. Nine showed lowered thresholds ; 
1 showed a considerably lowered threshold at one of the six sites tested, 
and 1 showed no deviation from normal. Interesting is the comment 
that in addition to the clinical demonstration of involvement of the sen- 
sory neurons in poliomyelitis evidence pointing to involvement of the 
intercalated (internuncial) neurons has been reported. It is becoming 
increasingly clear that the term acute poliomyelitis of the anterior area 
describes only one part of the pathologic picture. 

Various types of disease affecting the nerve tissues produce a type 
of abnormal adaptation curve, as recorded by the pallesthesiometer, 
characterized by a slow phase of recovery following a heavy prolonged 
vibratory stimulus. By means of the vibrator, sensory changes which 
previously had not been demonstrated in poliomyelitis, despite the obvious 
pathologic changes in the posterior part of the cord and in sensory 
ganglions, have now been shown to exist. 

Prevention—Wood and Rusoff?"* found that trypan red when 
injected intraperitoneally into mice greatly lowered the incidence of the 
infection in mice inoculated intraperitoneally with the neurotropic MM 
virus. The protective action of the dye is overcome if the virus is inocu- 
lated in too high concentration. These same conditions and results apply 
to cotton rats. With monkeys and a typical poliomyelitis virus no pro- 
tection was observed against the virus inoculated intraperitoneally. 


272. Frohring, W. O.; Kohn, P. M.; Bosma, J. F., and Toomey, J. A.: Changes 
in the Vibratory Sense of Patients with Poliomyelitis as Measured by the 
Pallesthesiometer, Am. J. Dis. Child. 69:89-91 (Feb.) 1945. 

273. Wood, H. G., and Rusoff, I. I.: Protective Action of Trypan Red Against 
Infection by Neurotropic Virus, J. Exper. Med. 82:297-309 (Nov.) 1945. 
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According to Utter, Reiner and Wood,?"* experiments with mouse 
brain homogenates show that the anaerobic glycolysis of such preparations 
can be increased tenfold by the addition of appropriate coenzymes and 
phosphate esters. The previously reported alterations in anaerobic 
glycolysis during the course of poliomyelitis, as measured with prepa- 
rations with a low activity are believed to be of doubtful value so far 
as the changes may be related to any specific phase of metabolism. In 
order to obtain this type of information, the experiment usually must 
be designed specifically to measure the desired factor. 

Foley and Aycock 7° found that treatment of castrate female and 
normal male and female mice with alpha-estradiol dipropionate or diethyl- 
stilbesterol enhanced resistance against infection by intranasal instil- 
lations of a suspension of mouse-hamster poliomyelitis virus. Similar 
treatment did not enhance resistance against infection with the same 
virus when the virus was injected intraperitoneally. Other experiments 
with the Lansing strain of poliomyelitis virus showed that the enhancing 
effect of estrogen on resistance to infection could not be demonstrated 
by intracerebral injection of the virus in mice. These results are similar 
to those obtained earlier in monkeys, in which treatment with estrogen 
enhanced resistance against infection by intranasal but not by intracere- 
bral administration of virus. 

According to Toomey and Takacs,?** cetamic detergents such as % 
per cent solution of phemerol chloride, cetylpyridinium chloride, “cetam- 
ium” (cetyl trimethyl ammonium bromide) and zephiran chloride are 
tolerated by eastern cotton rats when injected intracerebrally, intra- 
nasally, subcutaneously and intraperitoneally in doses up to 1 cc. respec- 
tively. Treatment of a suspension of poliomyelitis virus with cetamic 
solution did not protect animals against the disease. 


Epidemiology and Statistics—Following the investigations of Mr. 
Hedge Peterson, director of the State Meteorlogical Institute of Denmark, 
as to the theoretic and statistical analysis of the growth and decline of 
different types of epidemics, Wold ?** made similar studies on Swedish 
epidemics of poliomyelitis. Mr. Peterson considered three types of epi- 
demics: (a) the epidemics caused and supported by infections from the 


274. Utter, M. F.; Reiner, J. M., and Wood, H. G.: Measurement of Anaerobic 
Glycolysis in Brain as Related to Poliomyelitis, J. Exper. Med. 82:217-226 
(Sept.) 1945. 

275. Foley, G. E., and Aycock, W. L.: Alterations in Autarceologic Suscepti- 
bility of Mouse to Experimental “tae acco by Estrogenic Substances, Endo- 
crinology 37:245-251 (Oct.) 1945. 

276. Toomey, J. A., and Takacs, W. S.: Effect of Cationic Detergents in 
Cotton Rats: Neutralizing Effect of Cetamium Against Poliomyelitis Virus, 
Arch. Pediat. 62:337-339 (Aug.) 1945. 

277. Wold, H.: Statistical Note on Swedish Epidemics, Acta med. Scandinav. 
115 : 560-567, 1943. 
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outside, e. g., by infected food; (b) the epidemics spread by contagion, 
and (c) the epidemics caused: by variations in the number of susceptible 
persons. Theoretic results are directly compared with results of statisti- 
cal observations made by Peterson. Curves are obtained for each type 
of epidemic. The records of poliomyelitis are investigated from countries 
in various parts of the globe. It is concluded that as the latitude increases 
the dispersion of the frequency curve—calculated as an average from 
several epidemics in the same district—decreases in proportion to the 
decrease of radiation from the sun. Wold made a similar study of epi- 
demics of poliomyelitis, but his results do not agree with those of the 
other investigator. In summing up his observations, he states that the 
districts with low latitude have large populations, citing Australia, Mis- 
sissippi and New York as extremes, while Iceland and Greenland, with 
their small populations, occupy the other end of the table. Thus, if the 
dispersion of the frequency curve tends to be larger and larger in more 
populous districts, this tendency is sufficient to explain at least a part 
of the correlation on which the law of latitude is based. This remark 
is not thought decisive as to the validity of the law of latitude, but it is 
safe to say that a special investigation of the possible effects of such fac- 
tors as the size and the density in population of the district must be made 
before the law of latitude can be regarded as definitely established. 

Peterson *** redefines some of the statements previously made con- 
cerning the variation with latitude and epidemic curves. Epidemics in 
various parts of the world were studied. The article is also a rebuttal 
to the findings of Wold, who made similar studies of epidemics of polio- 
myelitis in Sweden. Peterson reemphasizes that the said regularity 
appears distinctly only for small variations in latitude when mean values 
for several epidemics from the same latitude are available, owing to the 
fact that the individual epidemics may occasionally exhibit variations. 

Bowerman **° states that poliomyelitis seems to occur during the sum- 
mer months when hay fever is rife. The author has written a most 
interesting article correlating temperature and rainfall with the incidence 
of poliomyelitis. Studies were made in the area of New York city. 
A number of carefully prepared tables have been made showing the num- 
ber of cases occurring in New York between the years 1907 and 1929. 
It is pointed out that during the years 1916, 1931 and 1935 the number 
of cases of poliomyelitis was much higher. During the same years there 
were longer periods of dryness and increased temperature. 

This interesting article may be summarized as follows: 1. Dry 
warm summers seem to be frequently associated with outbreaks of polio- 


278. Peterson, H.: Variation with Latitude of Steepness of Epidemic Curves, 
Acta med. Scandinav. 117:24-28, 1944. 
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dence, Arch. Pediat. 62:57-77 (Feb.) 1945. 
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myelitis in New York city. 2. The absence of rain seems more sig- 
nificant in this than changes in the mean temperatures. 3. The case 
fatality rate (ratio of death to cases) of poliomyelitis in New York 
city has frequently been in accord with the cycle of numbers of sun spots. 

According to Dauer,**° during the year 1944 there were 19,053 
cases of poliomyelitis reported in the United States, this figure having 
been. exceeded once in the past, when 27,363 cases were reported in 
1916. The incidence was highest in the following states: New York, 
Delaware, Kentucky, Virginia, North Carolina, Minnesota and Mary- 
land. The most extensive and intensive outbreak occurred in a solid 
block of counties in western and southern New York state and in a 
single tier of counties in northern Pennsylvania bordering on New 
York. The western part of Massachusetts should also be included as 
a part of this outbreak. One third of all the cases reported in the 
United States in 1944 occurred in this area. In certain respects the 
distribution of poliomyelitis in 1944 was similar to that of the epidemic 
of 1935 as concerns states involved. 

Poliomyelitis occurred in the armed forces of the United States in 
proportion to the prevalence in the civilian population of similar ages. 
The Army incidence was 3.4 per hundred thousand troops in 1943 and 
4.0 in 1944. The occurrence of poliomyelitis in large cities has been 
striking during the past two years. There has been no regular occur- 
rence or periodicity of outbreaks of poliomyelitis in cities of the United 
States during the past three decades, and there has been no consistent 
interval of time between years of high incidence. 

Smith and his co-workers **' studied the 1944 epidemic in the Buf- 
falo, N. Y., area. The cases which they observed did not arise de novo 
but were late developments in an existing cycle, which were not sus- 
pected for three months. There was an interval of five and a half months 
between the last cases of the preceding year and the first case of 1944. 
Actually the interval was only two months, and the virus was probably 
active throughout the entire period between cycles. The number of 
cases of illness highly suggestive, of poliomyelitis was five times the 
number of recognized cases. The evidence indicates that this Buffalo 
epidemic was initiated and spread largely through direct human sources. 

Young *** presents a most interesting report on 114 cases of polio- 
myelitis observed at the Children’s Hospital of Texas, in Dallas, during 
1943. Careful note is made of the age incidence, time distribution, 


280. Dauer, C. C.: Incidence of Poliomyelitis in the United States in 1944, 
Pub. Health Rep. 60:633-642 (June 8) 1945. 

281. Smith, M. L.: Bridge, E. M.; Underwood, H. E., and Dale, G. E.: Study 
of Origin of Epidemic of Poliomyelitis, J. A. M. A. 129:1150-1156 (Dec. 22) 
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presenting symptoms, family incidence and type of involvement. Ten 
per cent of the patients studied died, all with the bulbar type; 48 per 
cent were dismissed without further treatment, returning at a later 
date for a check on physical therapy; 14 per cent were to have head 
and exercise therapy at home when dismissed, and 28 per cent were 
admitted to the orthopedic hospital for further treatment. 

In the cases of bulbar involvement the first symptom was usually 
difficulty with speech. In addition, facial paralysis, all on the left side, 
and paralysis of the ocular muscles were noted. All patients having 
facial paralysis, however, had a bulbar type of poliomyelitis. The con- 
cept as to the duration of active continuing spread of the disease within 
the nervous system being limited to five or six days was disproved. 
Frequent thorough testing of the patients showed spread for as long 
as twelve days. Management of the patients during the acute stages 
was according to the Kenny method. It was believed that the treatment 
prevented contractures, lessened muscle spasm and materially shortened 
time for recovery. In line with recent experimental evidence concern- 
ing the theory that the pathologic basis of muscle spasm depends on a 
lesion of the internuncial neurons is discussed. 

Bohls and Irons *** report that following an unusually late fall and 
early winter period of increased prevalence and a quiescent period an 
outbreak of poliomyelitis unprecedented in the history of Texas occurred 
during the summer of 1943. The 1943 morbidity rate for the state as 
a whole was approximately 20 per hundred thousand and, although low 
in comparison with some of the state’s more pressing problems of com- 
municable disease, was nearly ten times the morbidity rate for poliomye- 
litis in more recent years. 

The mode of transmission was not determined, but it was believed 
that unrecognized infections and large numbers of temporary carriers 
were contributory factors of great importance. The possible role of 
flies and other insects or arthropods as vectors of the infection was not 
determined. Some laboratory findings were discussed. Laboratory 
observations concerned neutralization tests with serum-virus mixtures 
and the attempted recovery of poliomyelitis or poliomyelitis-like virus 
from various sources. 

McLendon and his associates *** discuss the epidemic of 1944. Two 
hundred and five patients were treated at the Children’s Hospital. This 
number represented 66 per cent of the total cases reported. Males 
predominated in number, the peak of the epidemic was reached in 


283. Bohls, S. W., and Irons, J. V.: Report on 1943 Outbreak of Poliomyelitis, 
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August and the greatest number of cases occurred in the age group 
of 7 to 13 years. 

The commonest symptoms were fever, headache, pain in the muscles, 
weakness of the muscles and paralysis and stiff neck. Of the 205 
patients, 38 had bulbar poliomyelitis; of these, 6 died, these being the 
only deaths in the total number. This represents an over-all mortality 
rate of 2.9 per cent. 

Fifty-four patients of the total had nonparalytic poliomyelitis. They 
received routine care and were dismissed. One hundred and fourteen 
patients with the spinal paralytic type were admitted, and it was this 
group which offered the biggest problem. 

Of the 205 patients admitted, the authors followed 162 for nearly 
a year. Of these, 70 per cent are entirely well, 18 per, cent have residual 
paralysis and about 11 per cent have poor function. After these patients 
have been followed another year it is hoped that 80 per cent will show 
a normal recovery, and the number with residual paralysis will consti- 
tute about 20 per cent. 

Anderson **° presents statistics gathered from the 1943 epidemic 
in Utah. In 89 per cent of the cases the condition occurred in persons 
under 20 years of age. Questionnaires were sent to three hundred 
and thirty-four physicians in the state. Ejighty-one per cent of the 
physicians returned the questionnaires. During July, August and 
September four thousand, one hundred and ninety-nine tonsillectomies 
were done, and statistics were based on this group. The results were 
as follows: 1. In 43 per cent of the cases of bulbar and bulbospinal 
poliomyelitis tonsillectomy had been performed within thirty days prior 
to the initial symptoms. 2. The incidence of poliomyelitis in children 
who had recently had tonsillectomy was two and six-tenths times 
greater than that in the general child population. 3. The incidence of 
the bulbar and bulbospinal type of poliomyelitis was found to be sixteen 
times greater in children who had recently had their tonsils removed 
than in the general child population. 

Wyllie *** points out the infrequency of second attacks of poliomye- 
litis and presents a case from his own observation. He reviews a total 
of 19 cases in which it has been confirmed that second attacks of the 
disease have occurred. The interval varied from two to twenty-five 
years. 

Casey and his associates *** have observed that multiple cases of 
poliomyelitis in the family are the rule rather than the exception when 
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there are children from 1% to 8% years of age in the home. It is 
their opinion that poliomyelitis is contagious perhaps to the degree of 
90 per cent in the age groups of 1% to 3% years but less infectious 
in the older groups. They found no evidence that flies or other insects 
play a major role in transmission once the disease has been introduced. 
In only 1% cases out of 6 was a diagnosis of poliomyelitis made even 
with an alert reporting system. Physicians were not even consulted in 
many cases. Paralysis was observed in 1 case out of 6. 

Brown and his co-workers *** studied a group of 7 campers, in 1 
of whom poliomyelitis developed five days after his arrival at camp. 
Cultures of stools were taken at intervals on his cabin mates. These 
were positive for the virus in 5 of the boys dating from five days 
after the onset of the disease. The second case of poliomyelitis occurred 
nineteen days after the virus was first found in the stools. 

It has been proved that the poliomyelitis virus can be carried by 
flies to food. Various experiments have also proved that this virus 
enters the alimentary canal, probably multiplies there and reaches the 
central nervous system indirectly. Ward and his associates,*** through 
experimentation, have made this observation: that food exposed to flies 
in the homes of patients with poliomyelitis in an epidemic area may 
acquire a quantity of poliomyelitis virus sufficient to produce in chim- 
panzees by oral administration a nonparalytic infection or an asymp- 
tomatic carrier state. 

Casey **° makes a detailed report on the epidemic of poliomyelitis 
occurring in Walker County, Ala., during the summer and autumn of 
1941. One hundred and twenty-one cases were reported in the county. 
Most of the cases could be traced directly or indirectly to one focus, 
at Barney, Ala. The author found during a study of the cases that 
the incubation period from the day of exposure to the onset of the pro- 
dromal period averaged twelve days. The infectious period was between 
three days before and three days after the onset of the prodromal 
period. Evidence of patient to patient contact was found in 80 per 
cent of the cases studied. Contacts were almost entirely among children 
under 15 years of age and largely among those under 4 years of age. 
When the average air line distances of the places of contact for each 
twelve day period of the epidemic were calculated, there was evidence 
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of orderly radial spread at the rate of about 1 mile (1.6 Km.) for 
each ten or eleven days, or an average of 8.7 miles (13.9 Km.) in the 
ninety-six days of the epidemic. 

Conclusions as to contacts with healthy persons and with adults, 
drinking water, flies, mosquitoes, rodents and other vectors did not 
seem to have much importance. There was the possibility that sewage- 
polluted waters concentrated by a severe drought explained many spo- 
radic cases, many cases of the disease in adults, and perhaps the 
original case from which the epidemic started. It was questioned 
whether the incidence of poliomyelitis in the summer is not dependent 
usudily on the concentration of sewage-polluted streams and waters 
by drought and heat in areas where there are sufficiently large infant 
populations and numerous prolonged contacts among adults. 

Because flies have been proved to be carriers of poliomyelitis virus 
during epidemics of the disease, Power and Melnick ?** made a syste- 
matic study of the fly population of New Haven; Conn., during the 
summers of 1942, 1943 and 1944; 1943 was an epidemic year, while 1942 
and 1944 were not. 

The observations were as follows: 1. The peak of the fly population 
curve preceded the 1943 poliomyelitis epidemic, with the centers of the 
two pyramids being separated by about four .to five weeks. 2. During 
the height of the 1943 epidemic there were only four genera of flies 
present in the trapped population, and they were commoner during 
and preceding the epidemic than at any time during the three years 
of the study. 3. It is unknown if the characteristics of the 1943 fly 
population had any epidemiologic correlation with the poliomyelitis epi- 
demic of that year. : 


Complications and Sequelae —After the publication of Buchthal and 
Clemmessen in 1943 concerning the synchronous activities of the differ- 
ent motor units of the muscle, Buchthal and Honcke **? decided to investi- 
gate how early in the course of the disease the abnormal mode of 
enervation occurred in poliomyelitis. It has been known since their 
publication that electromyography could be employed for the differenti- 
ating of various types of muscle atrophy. They showed that myogenic 
atrophy is accompanied with normal electrical activity, while in cases of 
neurogenic atrophy the electromyogram indicated a reduction of the num- 
ber of motor units by the occurrence of active potentials from single 
motor units without the interference from neighboring fibers, even during 


291. Power, M. E., and Melnick, J. L.: Three-Year Survey of Fly Population 
in New Haven During Epidemic and Non-Epidemic Years for Poliomyelitis, Yale 
J. Biol. & Med. 18:55-69 (Oct.) 1945. 

292. Buchthal, F., and Honcke, P.: Electromyographic Examination of Patients 
up to Six Months After Acute State of Disease, Acta med. Scandinav. 116:148, 
1944, 
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attempts at maximum enervation. In connection with poliomyelitis, it 
is of special interest that there is a difference in the enervation between 
myogenic atrophy and peripheral or radicular origin and atrophy caused 
by certain intermediate diseases. 

In 21 of 47 cases of acute poliomyelitis the development of the pareses 
and their restitution were followed electromyographically by the authors. 
Generally, neither the acute phase nor the later stages of the disease 
showed spontaneous activity in relaxed muscles. The synchronous activ- 
ity recently found in apparently intact motor units (stationary paretic 
muscles after poliomyelitis) was in some cases observed during the acute 
phase of the disease. They noted that synchronization may appear 
extremely early after the pareses have set in and is presumably caused 
by irradiation of impulses over a large range of ganglionic cells (facili- 
tation of spatial summation). 

A comparison of different types of enervation (synchronous, partly 
synchronous and asynchronous activity) evidenced from the electro- 
myogram with the clinical course of the pareses indicates that the chances 
of restitution are more favorable in cases of continuous asynchronous 
activity and less so when synchronous activity is lasting. Further electro- 
myographic examination revealed that paresis may progress for some 
time after the febrile stage and that restitution of the paretic muscle may 
in any case continue up to six months. 

Conte and his co-workers *** report 2 cases of pseudohypertrophic 
muscular dystrophy, with two purposes in mind: first, to review ‘the 
disease entity pseudohypertrophic muscular dystrophy, with particular 
reference to the endeavors being made to establish a satisfactory method 
of treatment, and second, to present a report of 2 patients with this dis- 
ease who contracted poliomyelitis during recent epidemics. 

The first child, 8 years old, was admitted to the hospital in August 
1944, following the onset of stiffness of the neck and headache. After 
clinical and laboratory studies a diagnosis of poliomyelitis was made and 
treatment with hot packs instituted. Improvement was satisfactory, and 
the child was discharged from the hospital a month later with no compli- 
cations. The second patient was admitted to the hospital in 1944, with 
a high temperature, vomiting and pain in both legs and feet and in the 
region of the umbilicus. The onset occurred two days previously. Strik- 
ing involvement of the muscles affecting respiration made it necessary 
to place the patient in a respirator, where he remained for twenty-six 
days. Hot packs and supportive measures were used. Decided weak- 
ness of the lower extremities persisted. The patient was still hospitalized 
in December 1944 with considerable residual manifestations. It will be 


293. Conte, A. N.; Dettweiler, H. J., and Madigan, H. S.: Pseudo-Hyper- 
trophic Muscular Dystrophy: Two Cases Developing Poliomyelitis, Arch. Pediat. 
62:4-15 (Jan.) 1945. 


of 
act 
sta 
tin 
col 
fin 
on 
acl 
Tl 
an 
pr 
in 
pr 
ra 
in 
re 
ky 
at 
th 
hi. 
ar 
rij 
ar 
pr 
th 
Wi 
pr 
pt 
st 
Ta 
si 
th 
in 
B 


it 
on 
ed 


IRWIN—POLIOMYELITIS 457 


of interest to observe the course of the muscular dystrophy following 
acute phases of poliomyelitis. One of the patients had regained the 
status prior to contracting poliomyelitis at the time of publication. 

Metheny and Olson ** point out that surgical procedures are some- 
times necessary on patients with poliomyelitis. Such intervention is more 
complicated when the patient is in a respirator. The authors could not 
find a previous record of a case in which an appendectomy had been done 
on a patient with respiratory paralysis. 

The authors present a case of poliomyelitis in which a diagnosis of 
acute appendicitis was made while the patient was in the respirator. 
The patient was moved to the operating room in the respirator and 
anesthetized with nitrous oxide and a small amount of ether. Positive 
pressure was used in administration of the anesthetic. With everything 
in readiness, the patient was slid out of the respirator and the abdomen 
prepared and draped. The appendix was removed, and artificial respi- 
ration was applied by alternate pressure on the chest and on the rebreath- 
ing bag. Fifteen minutes was spent out of the respirator. Following 
replacement, the patient regained consciousness satisfactorily. 

Salem ** reports a case of almost symmetric primary dorsolumbar 
kyphosis due to anterior poliomyelitis. Pointing out the rarity of such 
a deformity, he reviews the course of the disease and attempts to explain 
the cause of the kyphosis. 

The patient was seen one and one-half years after the acute onset of 
his disease, at which time the right lower extremity was diffusely involved 
and weakness was evident in the anterior abdominal muscles. The 
right side of the pelvis was tilted forward and down, so that the right 
anterior superior spine was 2 inches (5 cm.) lower than the left, thereby 
producing an apparent lengthening of the right lower extremity. When 
the patient was standing, the trunk was held flexed at the hip, but there 
was no increased lumbar lordosis. A definite kyphosis with decided 
prominence of the lower dorsal and upper lumbar spinous processes was 
present. Despite the pelvic tilt, only a slight lower dorsolumbar scoliosis 
on the right side was evident.° 

There was a weak right quadriceps and a strong tensor fascia muscle. 
The left lateral abdominal muscles exhibited fair strength, with less 
strength on the right side. There was some weakness of the right quad- 
ratus lumborum muscle but no weakness of the iliopsoas muscle on either 
side. The pelvic obliquity disappeared on recumbency. 

In attempting to make an etiologic diagnosis, the author suggests 
that the relative weakness of the extensor muscles of the trunk may have 


294. Metheny, D., and Olson, H. H.: Appendectomy on Poliomyelitis Patient 
in Drinker Respirator, West. J. Surg. 53:88-89 (March) 1945. 

295. Salem, E. P.:. Dorsolumbar Kyphosis Due to Anterior Poliomyelitis, 
Bull. Hosp. Joint Dis. 6:53-60 (April) 1945. 
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been a factor. He cannot, however, offer a positive reason for the 
absence of scoliosis. The spine was fused (including the tenth dorsal 
through the third lumbar vertebrae), but a pseudoarthrosis was noted 
some six months later. Abdominal fascial reenforcements were also 
done. The author points out that the final result is still uncertain. 


Surgery.—Zausmer *** states the opinion that transplanted muscles 
must learn to perform a new function. The innervation of individual 
muscles is open to question, their action being part of a complex mech- 
anism. In any event, reeducation relies on principles of function rather 
than that of mechanism. In reeducation the first consideration is passive 
and guided active exercise. Then active movement is an important fac- 
tor. These exercises help account for proper innervation. Stretching 
is to be avoided in early reeducation. After the early stage, when 
strength is desired, resistive exercises may be used. These should be done 
slowly and with long periods of rest. The program of treatment as 
outlined is as follows: (1) production of basically correct working 
capacity of the transplanted muscle, without substitution and wrong 
habits, (2) increase in range of movement, passively and actively, (3) 
increase in strength and power, (4) development of speed of desired 
movement and (5) full functional adaptation into integral movements. 

Practical examples of transplantations of muscles (the peroneus lon- 
gus muscle to the anterior tibial insertion and the biceps femoris muscle 
to the patella) and their functional reeducation are demonstrated. 


In his paper Brown ** presents a technic of making a prosthesis 
which restores the contour of the lower limb, correcting the deformity 
caused by atrophy of the limb. The deformity is usually caused by 
poliomyelitis and is the result of atrophy of the muscles themselves. 
Other deformities are corrected by surgical treatment or appliance of 
other types, such as shoes, but even after the gait is normal the slender 
“broomstick” appearance of the affected: limb attracts unfavorable 
attention. It is to correct the thinness of the limb that such a patient 
desires a prosthesis. 


The technic is carefully described, and the advantages of this partic- 
ular prosthesis are enumerated. These include its light weight, its com- 
fort in wearing and its elasticity, which makes it easy to apply like a 
stocking. Another advantage is that the surface rebounds exactly the 
same way as does normal skin when it is pressed or indented with the 
finger. 


296. Zausmer, E.: Functional Reeducation of Tremplented Tendons, Physio- 
therapy Rev. 25:160-164 (July-Aug.) 1945. 


297. Brown, A. M.: Correction of Poliomyelitis Deformities with Frothed 
Latex Prostheses, J. Bone & Joint Surg. 27:513-517 (July) 1945. 
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Xl. INFANTILE PARALYSIS: RESEARCH 
Prepared by 
J. A. TOOMEY, M.D., CLEVELAND 
JANUARY-JUNE 1945 


JR BSEARCHES on many fundamental questions concerning infantile 
paralysis continue to add little by little to existing knowledge of 
the disease. The various problems that beset the research worker 
have been presented by Gard *** in a monograph of one hundred and 
sixty-five pages, which does not lend itself well to detailed review. 


The Virus of Poliomyelitis—Loring and Schwerdt *** found that 
the MVA purified poliomyelitis strain was stable in solution as acid as 
pu 1.6 but unstable below this figure and that it was stable in solution 
as alkaline as py 10.3 but unstable above this figure. Olitsky *°° 
describes the properties of a virus discovered by Theiler and Card, which 
he considers not to be mouse poliomyelitis of either natural or experi- 
mental type. He states that the difference between it and other strains 
of mouse poliomyelitis virus is such as to make it entirely unsuitable 
as a model for the study of human poliomyelitis. 

Toomey, Takacs and Tischer *** were unable to demonstrate the 
presence of virus in the carp. With the methods and amounts used in 
these experiments they were unable to immunize these fish to the point 
of showing neutralizing antibodies and also were unable to demonstrate 
live virus in the contents of the stool. 

Finlayson and Wicht *® succeeded in transferring poliomyelitis virus 
to South African black-faced monkeys by means of intracerebral and 
intraperitoneal inoculations. Gordon *°* demonstrated that muskrats 
can be infected by the Lansing strain of poliomyelitis when it is injected 
intracerebrally, and they succeeded in transmitting the infection through 


298. Gard, S.: Purification of Poliomyelitis Viruses: Experiments on Murine 
and Human Strains, Acta med. Scandinav., 1943, supp. 143, pp. 1-173. 

299. Loring, H. S., and Schwerdt, C. E.: Studies on Purification of Polio- 
myelitis Virus: pa Stability Range of MVA Strain, Proc. Soc. Exper. Biol. 
& Med. 57:173-175 (Nov.) 1944. 

300. Olitsky, P. K.: Certain Properties of Theiler’s Virus, Especially in 
Relation to Its Use as Model for Poliomyelitis, Proc. Soc. Exper. Biol. & 
Med. 58:77-81 (Jan.) 1945. 

301. Toomey, J. A.; Takacs, W. S., and Tischer, L. A.: Attempts to Find 
Poliomyelitis Virus in Fish, Proc. Soc. Exper. Biol. & Med. 58:152-154 (Feb.) 
1945. 

302. Finlayson, M. H., and Wicht, J. F.: Investigation of Cases of Suspected 
Poliomyelitis with Special Reference to Susceptibility of Lasiopyga (Cercopithe- 
cus) Pygerythrus (South African Black-Face Monkey) to Virus, South African 
M. J. 19:101-103 (March 24) 1945. 

303. Gordon, F. B.: Susceptibility of Muskrats and Other Rodents to Polio- 
myelitis Virus (Lansing Strain), J. Infect. Dis. 76:155-162 (March-April) 1945. 
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four generations. They found white-footed mice irregularly infected 
and ground squirrels entirely refractory. 

Melnick *** reports that of 10 monkeys paralyzed after being inocu- 
lated with poliomyelitis virus of recent human origin 3 rhesus and 1 
capuchin monkey were found to have the virus in the bloodstream. All 
the positive results given by tests of the blood were due to a single 
strain. The contents of the colon of 3 of these 4 monkeys were examined 
for virus; it was found in only one instance. Of 4 monkeys in whose 
blood virus could not be detected, 1 was found to have virus in the 
contents of its colon. 

Jungeblut *°* describes unsuccessful attempts to separate by processes 
of physical segregation, i. e., ultrafiltration, ultracentrifugation and 
dialysis, from live SK murine poliomyelitis virus a nonpathogenic agent 
capable of interfering with simian poliomyelitis virus. He was also 
unable to convert live SK murine virus into a nonpathogenic interfering 
agent by processes of chemical inactivation, i. e., phenolization and 
formalinization. Preparations of SK murine virus which had been 
greatly attenuated by ultraviolet irradiation gave evidence of having 
retained some interfering power in rhesus monkeys. MM murine polio- 
myelitis virus interfered both in mixture tests and by peripheral adminis- 
tration with two simian strains of poliomyelitis virus. Distinct pro- 
tective effects were observed in rhesus monkeys which had received 
adequate amounts of murine virus (animal passage or tissue culture 
virus) up to forty-eight hours after intracerebral infection with simian 
poliomyelitis virus. Theiler’s virus of spontaneous mouse encephalo- 
myelitis when tested in mixture with simian poliomyelitis virus gave 
some evidencce of irregular and low grade interference. Interference 
could not be shown conclusively in experiments to prevent poliomyelitic 
infection or to modify its effects. The author discusses the nature of 
the interfering agent in murine virus. 

Brown and Francis *** present evidence that the serum of mice para- 
lyzed with the Lansing strain of poliomyelitis virus possesses the 
capacity of protecting normal mice against the same virus when mix- 
tures of virus and serum are inoculated intracerebrally. The virus- 
neutralizing action was present mainly in mice paralyzed between the 
third and sixth days following inoculation and was rarely demonstrable 
in the serum of mice in which paralysis developed more than ten days 


304. Melnick, J. L.: Poliomyelitis Virus in the Blood Stream in Experimental 
Disease, Proc. Soc. Exper. Biol. & Med. 58:14-16 (Jan.) 1945. 

305. Jungeblut, C. W.: Studies in Rodent Poliomyelitis: Further Obser- 
vations on Interference Between Murine and Simian Strains of Poliomyelitis Virus, 
J. Exper. Med. 81:275-294 (March) 1945. 

306. Brown, G. C., and Francis, T., Jr.: Virus-Neutralizing Action of Serum 
from Mice Infected with Virus, J. Exper. Med. 81:161-169 (Feb.) 1945. 
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after inoculation. Serum from nonparalyzed mice had approximately 
equal neutralizing capacity when obtained during the same period fol- 
lowing inoculation as that during which serum from paralyzed mice 
showed the greatest effect. Neutralization of the virus was not obtained 
with serum from normal mice or from mice inoculated with normal 
nervous tissue. 


Howe and Bodian * inoculated 6 chimpanzees orally with stool 
from a patient with poliomyelitis. Three of the animals had been given 
170 cc. of homologous, hyperimmune monkey serum prior to inocula- 
tion, while 3 were unprotected. All the animals were subsequently 
shown to have poliomyelitis virus in their stools and characteristic lesions 
in their central nervous systems, although paralysis developed in none 
of them. All the immunized animals had demonstrable blood antibody 
at the time of inoculation, although thirty days later it was present in 
only 1 animal. 


Epidemiology.—Finlayson *°* reviews recent conceptions of how 
virus enters the human system. He expresses the opinion that the evi- 
dence suggests that in human beings the gastrointestinal tract and 
pharynx are the main routes of infection. Ward, Melnick and Horst- 
mann *°* state the theory that food exposed to flies in the homes of 
patients with poliomyelitis in an epidemic area may become contaminated 
to such an extent that the disease can be reproduced when the con- 
taminated material is fed to chimpanzees. 


In an article published in 1942 but not previously available for 
review, Kling, Olin, Fahraeus and Norlin **° record the demonstration 
of virus in sewage water ; they express the opinion that this is an impor- 
tant factor in transmission. The authors state that American scientists 
were slow to believe that the gastrointestinal tract is an important portal 
for infantile paralysis. 


[Ep. Note.—This editor has given ample clinical proof for at least 
twenty-five years that the gastrointestinal tract is a route of infection. ] 


307. Howe, H. A., and Bodian, D.: Passive Immunity to Poliomyelitis in 
Chimpanzee, J. Exper. Med. 81:247-254 (March) 1945. 

308. Finlayson, M. H.: Recent Research on Poliomyelitis, Clin. Proc. 3:481- 
485 (Dec.) 1944. 

309. Ward, R.; Melnick, J. L., and Horstmann, D. M.: Poliomyelitis Virus 
in Fly-Contaminated Food Collected at an Epidemic, Science 101:491-493 (May 11) 
1945. 

310. Kling, C.; Olin, G.; Fahraeus, J., and Norlin, G.: Sewage as Carrier 
and Disseminator of Poliomyelitis Virus: Searching for Poliomyelitis Virus in 
Stockholm Sewage, Acta med. Scandinav. 112:217-249, 1942; Sewage as Carrier 
and Disseminator of Poliomyelitis Virus: Studies on Conditions of Life of Polio- 
myelitis Virus Outside Human Organism, ibid. 112:250-263, 1942. 
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In a second article on sewage as a carrier and disseminator of virus, 
Kling and his associates record the finding that virus can remain infective 
in sewage for at least two months at a temperature of 4C. They draw 
attention to a protozoan belonging to the genus Bodo as a possible 
vector. 

The effectiveness of chlorine as a disinfecting agent of poliomyelitis 
has been investigated by Trask, Melnick and Wenner.** A residual 
chlorine level of 0.4 part per million after ten minutues did not inactivate 
the CR strain (10°), and 0.5 part per million was insufficient to destroy 
the SK strain (10°). The virus in a 10 per cent centrifuged sus- 
pension of stool from a patient with poliomyelitis withstood a dose of 
chlorine of 120 parts per million, leaving a residual value of 15 parts 
per million after ten minutes of contact. The authors report comparable 
results with Theiler’s mouse virus. When extraneous organic tissue 
was present, more chlorine had to be used to meet an additional demand. 


[Ep. Notre.—The authors did not appear to be impressed with the 
value of chlorine as a disinfecting agent for poliomyelitis. ] 

Howe, Bodian and Wenner *** have demonstrated poliomyelitis virus 
in pharyngeal swabs taken from patients ill with the spinal and bulbar 
paralytic forms as well as those with the nonparalytic form. Virus was 
found to be present in 43 per cent of a series of 23 patients from whom 
swabs were taken during the first three days of illness. In no instance 
was virus found after the third day. 

Rosenow *** claims that an alpha streptococcus is constantly present 
in the nasopharynx and commonly in the blood of patients who have 
had poliomyelitis. He describes a cutaneous test, a precipitation test, 
a poliomyelitis streptococcus antiserum and the production of the experi- 
mental disease. 


[Ep. Note.—The experiments of Rosenow are difficult to follow, 
particularly by one who, like this editor, has not repeated his work. ] 

Kessel and Moore *** investigated the occurrence of virus in the 
tonsils and stools of noncontacts. Ina survey involving 136 persons who 
had had no known contact with clinical poliomyelitis and from whom 


311. Trask, J. D.; Melnick, J. L., and Wenner, H. A.: Chlorination of Human, 
Monkey-Adapted and Mouse Strains of Poliomyelitis Virus, Am. J. Hyg. 41: 
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Hosp. 76:19-24 (Jan.) 1945. 
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314. Kessel, J. F., and Moore, F. J.: Occurrence of Poliomyelitis Virus 
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both tonsils and stools pooled in groups of three each were tested, 
poliomyelitis virus was recovered from three pools of tonsils and three 
pools of stools. Since one of these pools of tonsils and one pool of stools 
was from the same group of 3 persons, it may be concluded that at least 
5 of the 136 persons harbored virus either in their tonsils or in their 
stools. The survey was performed during an interepidemic period; all 
but one of the positive results were obtained during the last three 
months of this period, this one having been encountered during the 
first month of a major outbreak. 


[Ep. Note.—The inference that persons who have tonsils removed 
in interepidemic times are taking grave chances is not borne out by 
statistics. The authors do not indicate what happened to the person 
who had a tonsillectomy with virus present. It was curious that they 
could not transfer their isolated viruses subsequently to animals of the 
same species. | 

Seasonal variations in susceptibility have been investigated by Junge- 
blut.24° Serial propagation of cavian poliomyelitis from guinea pig to 
guinea pig was not significantly influenced by seasonal fluctuation of 
any sort. However, the transmission of murine poliomyelitis virus from 
mouse to guinea pig functioned more effectively in the winter than in 
the summer as judged by the ratio between paralyzed and nonparalyzed 
animals. The described phenomenon appears to be due preponderantly 
to cyclic variations in the susceptibility of the guinea pig to the paralyzing 
effect of the virus when passed by intracerebral injection from one host 
to another. 


Pathology.—Elliott *** found that in the motor nuclei of the region 
of the limbs all lesions first involved the dorsal and medial nuclei, appear- 
ing to arise from a single focus. Most important is the fact that destruc- 
tion of motor cells may be present in the absence of recognizable 
paralysis. 

Bodian and Howe *" studied the pathologic changes in 13 cases of 
nonparalytic poliomyelitic infection in chimpanzees. Nine animals 
excreted virus in their stools at periods of from three days to eight 
weeks following inoculation. All animals killed during the acute stage 
showed lesions in the brain distributed in centers usually involved in 
and compatible with the presence of poliomyelitic infection. In 2 


315. Jungeblut, C. W.: Seasonal Fluctuations in Susceptibility of Guinea 
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317. Bodian, D., and Howe, H. A.: Nonparalytic Poliomyelitis in Chimpanzee, 
J. Exper. Med. 81:255 (March) 1945. 


iS, 
ve 
le 
te 
of 
ts 
le 
1e 
d. 
1€ 
1S 
ar 
aS a 
m 
ce 
nt 4 
ve 
t, 
. 4 
m 
l: 
ns 
ns 
y- 
5. 
us 


404 ARCHIVES OF SURGERY 


chimpanzees typical lesions of the cord were also present. No lesions 
were found in the brains of 4 control chimpanzees which had had no 
contact with virus. The occurrence of a purely systemic or peripheral 
form of poliomyelitis, without lesions in the central nervous system, 
has thus not been established. Four instances of arrest of the pathologic 
process near the portal of entry into the brain, indicating partial resis- 
tance, are included in this series. Although cerebral lesions were mild 
in some of the nonparalytic and inapparent infections, their presence in 
all indicates the action of virus on the central nervous system, with the 
possibility of production of at least a partial local resistance. “It is not 
unreasonable to assume that this may occur in cases of conditions inap- 
parent in human beings, although this point is not, of course, susceptible 
to critical proof in human beings.” The severity of the pathologic involve- 
ment in nonparalytic patients varies from a full developed distribution 
of lesions in the brain and spinal cord in some chimpanzees to mild 
and scattered lesions in the brains of others. This suggests that, if the 
extent of the pathologic reaction is an indicator of subsequent local 
resistance to reinfection, the degree of protection afforded by a non- 
paralytic attack of poliomyelitis to even homologous virus must be 
variable. In another paper, Bodian and Howe *'* make the point that 
the pathologic diagnosis of poliomyelitis can be made only by the obser- 
vation of typical parenchymal lesions in the cord, including neuronal 
necrosis, neuronophagia and focal and perivascular infiltration, or by 
the observation of similar infiltrative lesions distributed in charcteristic 
fashion in the brain. Such findings are more reliable than clinical 
criteria, since many infections are clinically inapparent. 

[Ep. Note.—The clinical picture and the pathologic findings are 
in no wise parallel in the rhesus monkey, and the clinical picture may 
give us no definite clue as to what happens in the central nervous 
system of human beings. This was shown by Toomey and Lipson in 
1926. } 

Ibanez **® has written a monograph on changes in the peripheral 
portion of nerves in the muscles of patients with poliomyelitis. 

[Ep. Note.—American readers are not unfamiliar with these reac- 
tions, which have been demonstrated by Carey.] 

Watkins and Brazier **° describe quantitative studies of innervation 
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of Paralytic Human Muscles, Cir. d. ap. locom. 1:193-201 (July) 1944. 

320. Watkins, A. L., and Brazier, M. A. B.: Studies on Muscle Innervation 
in Poliomyelitis and Nerve Injury, Arch. Phys. Med. 26:69-75 (Feb.) 1945. 
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of muscles, mentioning the ergograph, voltage capacity, curves of elec- 
trical excitability, electromyograms of action potentials and spontaneous 
electrical discharges from resting muscles. They state that the appli- 
cation of these methods reveals a recovery process in the motor unit in 
poliomyelitis. 

[Ep. Note.—Although presenting nothing new, this article should 
be worth while for physicians who are interested in the quantitative 
innervation of muscles. } 


Therapy.—Studying the influence of thiamine deficiency on the 
susceptibility of Macaca mulatta to experimental poliomyelitis, Clark, 
Waisman, Lichstein and Jones **' found that this species when deficient 
in thiamine does not exhibit an increased resistance to poliomyelitis virus. 
This is in contrast to the well demonstrated resistance of Swiss mice 
similarly fed. Weaver,**? experimenting with cotton rats, comes to 
the conclusion that there is no evidence to support the theory that the 
virus of poliomyelitis is a biochemical by-product of vitamin B, deficiency 
or that poliomyelitis is a fulminating form of beriberi. McGarrahan *** 
has discussed possible etiologic and therapeutic relationships between 
chickenpox, herpes zoster and poliomyelitis. 

Sampson *** states the belief that anoxia of the spinal cord may exist 
in poliomyelitis and that, if nerve cells cannot utilize oxygen in the 
absence of glucose, there may be some point in administering dextrose 
intravenously and in giving oxygen. 

[Ep. Note.—The author presents no facts to confirm his beliefs. ] 

Wood, Rusoff and Reiner **° were unable to confirm the report of 
Kabat and others that anaerobic glycolysis of the brain is impaired in 
poliomyelitis. 

It has been shown that when a nerve to a paretic muscle is crushed 
new fibers are given off from such as remain viable. With this as a back- 
ground, Billig *** has devised an operation for axonal interruption, which 
he terms “neurotripsy.” This procedure may be opened or closed in 
type. 


321. Clark, P. F.; Waisman, H. A.; Lichstein, H. C., and Jones, E. S.: Influ- 
ence of Thiamine Deficiency in Macaca Mulatta on Susceptibility to Experi- 
mental Poliomyelitis, Proc. Soc. Exper. Biol. & Med. 58:42-45 (Jan.) 1945. 

322. Weaver, H. M.: Resistance of Cotton Rats to Virus of Poliomyelitis 
as Affected by Intake of Vitamin B Complex, Partial Inanition and Sex, Am. J. 
Dis. Child. 69:26-32 (Jan.) 1945. 

323. McGarrahan, J. C.: Chickenpox, Herpes Zoster and Acute Anterior 
Poliomyelitis, New York State J. Med. 45:193-195 (Jan. 15) 1945. 

324. Sampson, B. F.: Suggested New Treatment of Poliomyelitis, South 
African M. J. 18:421 (Dec. 23) 1944. 

325. Wood, H. G.; Rusoff, I. IL, and Reiner, J. M.: Anaerobic Glycolysis 
of Brain in Experimental Poliomyelitis, J. Exper. Med. 81:151-159 (Feb.) 1945. 

326. Billig, H. E., Jr.: Muscle Reinnervation, J. Internat. Coll. Surgeons 7: 
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: 
) 
1 
ng 
t 
2 
i 
1 
a 
e 
t 
1 
y 
1 
2 
. 
n 4 


466 ARCHIVES OF SURGERY 


{[kp. Note.—Only time can tell whether this reaction is of value. At 
this writing the statistical reports are coniusing. | 


JULY-DECEMBER 1945 

Sabin ***7 reviews his previous articles on the natural history of 
poliomyelitis. 

Coole **"* suggests that poliomyelitis, influenza and the common cold 
have identical causation, viz., a specific pleomorphic, short chain strepto- 
cocci, existing only in vivo when it becomes virus in form and virulent 
in character. The micro-organism usually remains as a microscopic 
short chain streptococcus when quiescent in the upper respiratory tract. 
In a second paper by the author, entitled “A Concept of the Etiology 
and Control of Polio and Its Complication—Infantile Paralysis,” peni- 
cillin and sulfonamide derivatives are recommended. 


[Ep. Note.—Penicillin is totally worthless in treating this disease, 
and, as Toomey,*** as well as Rosenow, has demonstrated, the use of 
sulfonamide drugs aggravates the neurotropic condition in the monkey. 
Toomey has had human patients in whom he felt the use of the drug 
might have been harmful. ] 

Levinson and associates **° experimented with the effects of exercise 
and chilling in experimental poliomyelitis in human beings, and their 
conclusions were as follows: 1. In monkeys subjected to exhausting 
exercise during the incubation period of experimental poliomyelitis a 
higher incidence and severer paralysis developed than in controls. 2. 
In monkeys subjected to chilling during the incubation period of experi- 
mental poliomyelitis there developed also a higher incidence and severer 
paralysis than in controls. 3. Trauma of one or more limbs during 
the incubation period of experimental poliomyelitis in monkeys showed 
no correlation with location of paralysis, and the severity or extent of 
paralysis did not differ from that of the controls. 4. The incidence and 
severity of paralysis was significantly greater in monkeys inoculated 
with poliomyelitis virus during the summer months. 

One wonders about the effect of chilling, since the disease is so fre- 
quently present in epidemic form during the dog days, when the tem- 


327. Sabin, A. B.: Studies on the Natural History of Poliomyelitis, Cincinnati 
J. Med. 26:417-445 (Nov.) 1945. 

327a. Coole, W. A.: A Concept of the Etiology and Control of Polio and Its 
Complication: Infantile Paralysis, Texas State J. Med. 41:203-207 (Aug.) 1945. 

328. Toomey, J. A.: (a) Accelerated Production of Poliomyelitis, Proc. Soc. 
Exper. Biol. & Med. 31:1015-1017 (May) 1934; (b) Poliomyelitis Antiserum, ibid. 
32:1346-1348 (May) 1935; (c) Poliomyelitis Serum Obtained from Horses, Am. 
J. Dis. Child. 53:1492-1502 (June) 1937; (d) Poliomyelitis Antiserum Obtained 
from Horses: I. Neutralizing Effect Against Various Strains of Virus, ibid. 
§5:1261-1266 (June) 1938. 

329. Levinson, S. O.; Milzer, A., and Lewin, P.: Effect of Fatigue, Chilling 
and Mechanical Trauma on Resistance to Experimental Poliomyelitis, Am. J. Hyg. 
42:204-213 (Sept.) 1945. 
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perature may be uncomfortably high and the possibility of chilling so 
minimal. 

Kendall **° wrote about the contagiousness of poliomyelitis. He has 
made several points with which I agree. He theorizes that the virus is 
widespread and that the disease is usually mild and clinically unrecog- 
nizable and spread by carriers—by patients with mild, atypical, abortive 
conditions in which diagnosis has been missed—and by virus from the 
nasopharynx of paralytic patients. Paralysis is an uncommon happen- 
ing in an otherwise mild and omnipresent disease. The person with 
paralysis (considered by him a complication) will not spread the dis- 
ease, although his nasopharynx will. 


[Ep. Nore.—Unfortunately one has to disagree with some of the 
epidemiologic facts: 1. He states that poliomyelitis is a disease of 
childhood. (It was, but now the age incidence is increasing.) 2. Two 
cases in one family are unusual. (This has not been true in our experi- 
ence.) 3. Recovery leaves lifelong immunity. (This is a statement 
which cannot be proved.) Nevertheless, the author pens a thought- 
provoking essay, which must be read to be appreciated. | 

Gordon *** found that the serums from 3 of 37 dogs neutralized the 
Lansing strain of poliomyelitis virus. He found no neutralizing effect 
when he used the serums of 2 chickens and 6 pigeons owned by persons 
living in the immediate vicinity of a patient with poliomyelitis. 

Perkins *** discusses the epidemiology of poliomyelitis. It is an 
intelligent summarization of present day accepted principles. 


[Ep. Note.—I do not agree with him that the nasopharynx is the 
usual portal of entry and that the infection is spread by droplets. I 
merely state this for the record and not to dispute the author, because 
his is also a commonly accepted opinion. He states that insects are of 
little value in explaining the spread. I agree with him that water is 
not the way of spread and that rigid quarantine (beyond twenty-one 
days), closing schools and theaters is inadvisable. ] 

Melnick and colleagues *** showed that poliomyelitis developed 
rapidly in rhesus monkeys when human feces containing poliomyelitis 
virus and prepared in the ultracentrifuge were inoculated directly into 
the lambar region of the spinal cord. The median incubation period in 
19 monkeys so inoculated was four days. However, because of the 
large number of undesirable side reactions and because of the lower 
sensitivity of this route when compared with that of the intracerebral 


330. Kendall, A. I.: Contagiousness of Poliomyelitis, South. M. J. 38:593- 
595 (Sept.) 1945. 

331. Gordon, F. B.: The Neutralization of Poliomyelitis Virus by Dog 
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332. Perkins, J. E.: The Epidemiology of Poliomyelitis, New York State J. 
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333. Melnick, J. L.; Horstmann, D. M., and Ward, R.: Intraspinal Inocula- 
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Monkey, J. Infect. Dis. 77:13-24 (July-Aug.) 1945. 
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route, the intraspinal inoculation of stools is not recommended as a 
routine procedure. 


Lundbaek *** refers to Toomey’s report in 1933 on involvement of 
the bladder and intestine, to Ehlers’ reports on tachycardia in 1936, to 
sudden deaths from vasomotor collapse or respiratory paralysis and to 
the reactions obtained by him following indirect heating and postural 
reflexes (i. e., by changes of the heart rate to changed position). He 
states that it is always possible to demonstrate irregularity of autonomic 
regulation of heat. Normal dilation of capillaries and rise in cutaneous 
temperature fail to appear in the first stage of the disease with severe 
involvement, the normal reactions returning as the patient recovers. 
Examination of the postural reflex shows a rise in blood pressure on 
tipping the body with the head down only in patients with severe involve- 
ment. 

Bodian **° found numerous multinucleated neurons in the brain, 
spinal cord and spinal ganglions of an adolescent rhesus monkey which 
had been killed during the acute state of poliomyelitis. Many anterior 
horn cells containing two to six nuclei showed poliomyelitic degenerative 
changes characteristic of those seen in ordinary neurons. A striking 
finding was that the nuclei in any single multinucleated cell were invari- 
ably identical or almost identical in appearance, regardless of the degree 
of poliomyelitic change. The interpretation of this phenomenon led to 


the hypothesis that the primary reaction of virus is in the cytoplasm and 
that nuclear degeneration in poliomyelitis, including the formation of 
intranuclear inclusion bodies, may reflect the general degradation of cell 
functions rather than direct action of the virus. 


Reyes *** described a hyperkeratinization of the skin in plaques, small 
papules or slightly verrucous elevations, with roughness and dryness of 
the skin and legs, in 98 per cent of & children admitted to his hospital 
with poliomyelitis. 

[Ep. Note.—That this may be possible is admitted, but physicians 
with wide experience would question its occurrence. Probably the only 
objective cutaneous manifestation is the sense of coldness appreciated 
by the observer over the affected muscle, probably indicating autonomic 
involvement. The author suggests vitamin A because vitamin A defi- 
ciency produces changes in the myelin sheath of the nerves and further 


334. Lundbaek, K.: Experimental Investigation on Function of Autonomic 
Nervous System During Acute Phase of Poliomyelitis, Acta med. Scandinav. 114: 
565-583, 1943. ° 

335. Bodian, D.: Poliomyelitic Changes in Multinucleated Neurons, with 
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Hosp. 77:49-59 (July) 1945. 

336. Reyes, J. G.: Dermatologic Aspects of Poliomyelitis, New York State 
J. Med. 45:1673-1675 (Aug. 1) 1945. 
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justifies his treatment by analogy when he states that the “virus is highly 
neurotropic and that it travels mainly in the nerves through the myelin 
sheath.” This latter is news to the reviewer, who with others has long 
felt that the spread was along axis-cylinders and perhaps impeded by 
the myelin. A second point might be raised. To my knowledge, vitamin 
A has never affected the course of clinical poliomyelitis.] _ 

Turner, Young and Maxwell *** studied 303 Negro children in Balti- 
more for neutralizing antibodies for the Lansing strain of poliomyelitis 
virus. Neutralizing antibodies seemed to be present in 85 per cent of 
the infants up to 3 months of age. They disappeared rapidly and by the 
end of the first year of life were found in only 19 per cent, but they 
increased gradually, so that by the time the children were 10 to 14 years 
of age the blood serum-—neutralizing values were found in 86 per cent 
of the children tested. The author did tests on 34 infants repeatedly 
and demonstrated that there is so definite a decline that most infants 
give normal results by the end of six months. 

Kovar *** expresses the opinion that acute toxic gastrointestinal 
upsets are capable of producing symptoms similar to those of the pre- 
paralytic stage of poliomyelitis due basically to avitaminosis B and sub- 
clinical acute beriberi. 

It is suggested that all patients suffering acute simple gastrointestinal 
conditions encountered during epidemic periods of poliomyelitis be 
given large doses of vitamin B. 

Vitamin B is also indicated as an adjunct to treatment in all acute 
debilitating diseases and especially diarrheas. 

It is suggested that if tonsils are to be removed during the season 
in which poliomyelitis occurs high vitamin B intake be insured both 
before and after operation. 

In many cases the so-called abortive form of poliomyelitis may be 
in reality an acute gastrointestinal condition characterized by symptoms 
of avitaminosis B. 

Vitamin B plays an important part in the causation of poliomyelitis, 
and the nutritional aspect of poliomyelitis should be thoroughly inves- 


tigated. 


[Ep. Note.—We agree with the author that the nutritional aspects 
should be studied in this disease. It must be remembered, however, 
that a connection between vitamin B has never been definitely shown 
and that other interpretations could be drawn from the work of Foster 
and co-workers. (Refer to the subsequent comment.) It is also strange 
that the therapeutic use of thiamine hydrochloride has been of little 
value in the hands of most workers in treating poliomyelitis. ] 


337. Turner, T. B.; Young, L. E., and Maxwell, E. S.: The Mouse-Adapted 
Lausing Strain of Poliomyelitis Virus, Am. J. Hyg. 42:119-127 (Sept.) 1945. 
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a 
il 
a 
n 
h 
4 
d 
of 
ll 

ll 
of 
il 
y 
d if 
c 
ic 
h 
1S 


470 ARCHIVES OF SURGERY 


In an editorial in The Journal of the American Medical Association, 
“Diet and Poliomyelitis,” *** it is stated that “Toomey found that vitamin 
D gave almost complete protection when the infective dose of poliomye- 
litis virus was injected directly into an exposed loop of the intestine 
of monkeys.” **° It states further, “Sabin found that vitamin D did 
not afford protection under similar conditions and that rachitic monkeys 
are not more susceptible to experimental poliomyelitis than normal 
controls.” The first part of the second quotation is in error, since to my 
knowledge the experiments made on the exposed loop of the intestine 
in rachitic and nonrachitic monkeys have never been repeated. The 
second part of this sentence should be qualified by addition of the phrase 
“under the conditions of their experiments.” 

Sabin and associates *“** had in mind another of Toomey’s experi- 
ments. Flexner’s MV virus strain when originally obtained by him 
caused the disease in monkeys when injected intrasciatically. Some 
years later, he injected this virus intrasciatically into rachitic monkeys 
used as controls. The rachitic animals contracted the disease, while the 
control monkeys did not. Quadriplegia. occurred in 2 control monkeys 
given virus intracerebrally. Harrison and Woolpert,**? using the same 
strain of virus (Flexner MV, obtained from the University of Chicago), 
got the same poor results by way of the sciatic nerve. 

Later, when Sabin’s Flexner MV strain was used by Toomey, it 
proved to be extremely virulent, causing the disease in every animal in 
which injections were given intrasciatically. This virus was so virulent 
that no comparison was possible between rachitic and nonrachitic 
animals when this route was used. However, when in other experiments 
with baby rachitic monkeys the gastrointestinal tract served as the portal 
of entry, the rachitic animals contracted the disease while the protected 
ones did not. 

The experiments of Foster and co-workers *** and Rasmussen and 
associates **° have been repeated by Toomey and associates.** It is 


339. Dietary Deficiencies of Poliomyelitis, editorial, J. A. M. A. 124:986-987 
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Exper.’ Biol. & Med. 48:451-454 (Nov.) 1941. 
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1944. 


tru 
pai 
ex 
wi 
of 
pa 
aly 
aly 
ari 
on 
th 
ad 
ol 
nil 
as 
re 
m: 
th 
sn 
ar 
in 
th 
al 
Vi 
2% 
ir 
ot 
th 
cl 
P 
R 
al 
P 
1 
F 
1 
I 


TOOMEY—POLIOMYELITIS 471 


true that in more animals given a diet high in thiamine hydrochloride 
paralysis develops than in those deficient in this vitamin. In our 
experience, the latter animals usually die from the dietary deficiency 
without showing paralysis. If, as we have found, the brains and cords 
of the majority of animals that die in the dietary-deficient group without 
paralysis contain live virus which can transmit poliomyelitis with par- 
alysis to a second generation, then one begins to wonder whether par- 
alysis is not a sign of protection in the overfed animals. The question 
arises, “‘Is paralysis the sole criterion of disease in the deficient animals ?” 


Pearson and Rendtorff *** described the results from their studies 
on transmission of poliomyelitis virus. Specimens of stools from almost 
the entire population of a village where poliomyelitis occurred in an 
adult were tested for virus. Virus was recovered only from the 6 year 
old son of the patient. Pools of specimens from 127 persons in thirty- 
nine families were uniformly negative for the virus. Of 30 persons 
associated with a patient with poliomyelitis in a small town, virus was 
recovered only from the stools of a 5 year old sibling and from 2 play- 
mates, 7 and 5 years old, of another family. No virus was detected in 
the stools of the associates of 2 patients on farms of the 2 patients in a 
small town. Virus was not recovered from the fecal specimens of farm 
animals, flies and mosquitoes or the brains and intestines of rats or mice 
inhabiting the area where these sporadic cases occurred. 


Pearson and Rendtorff *** studied an epidemic in a small town. After 
the occurrence of 2 cases of poliomyelitis, samples of stools from nearly 
all the children under 16 years of age were tested for the presence of 
virus. Members of the families of the patients also were tested. Of 
282 persons in one hundred and forty-six families, virus was recovered 
from the brother and a group of 3 cousins of 1 patient and from children 
of eight other families; 5 of these children were 2 years of age. From 
the degree of association of those found to harbor the virus it was con- 
cluded that personal association was the principal factor involved in the 
spread of infection within the community. 
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[Ep. Notre.—Unfortunately, the test animal used was the rhesus 
monkey, which has a good natural resistance, and virus might have been 
present and not transferred. | 


Pearson and co-workers *** studied the 1943 epidemic in Fort Worth, 
Texas. This study was an intensive one in a selected district of the city. 
Stools from 524 persons were tested for virus by inoculation into 
monkeys. Six (75 per cent) of eight households, representing twenty- 
seven familial contacts, gave positive results for virus, as did eighty (18 
per cent) of forty-five households, containing eight nonfamilial contacts, 
and two (1.6 per cent) of one hundred and twenty-seven households, 
representing three hundred and seventy-four noncontacts. Virus was 
harbored by adults in five of the six households of familial contacts in 
which members harbored virus. 


Virus was not recovered from specimens of water, sewage, flies, ants, 
cockroaches or droppings of domestic animals. 


An agent that produced paralysis in mice and cotton rats was obtained 
from a pool of brains and intestines from 22* Norwegian rats from the 
city dump. No virus was recovered from several batches of mice and 
rats collected in variou’ other parts of the city. 


C. Kling **° suggests that virus may be carried in micro-organisms 
of sewage, most likely the genus Bodo. Evans and colleague *** experi- 
mented with the micro-organisms which naturally inhibit water, which 
were obtained from a pond, a lake and a river. They found that the 
organisms failed to yield significant increase in potency of several 
strains of poliomyelitis virus; use of six strains of Bodo, two of Monas 
and one each of Pleuromonas, Oikomonas, Tetrahymena and Uronema 
derived from sewage failed to support the growth of poliomyelitis virus 
to an extent that would be significant with reference to the finding of the 
virus in sewage. 

Kabat, Wolf and Bezer **? used an emulsion of rabbit brain in a 
mixture of saline, Aquaphor and liquid petrolatum containing dried, 
heated and killed tubercle bacilli in a group of 4 monkeys. Another 
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group was given rabbit lung in a mixture of the same ingredients. Both 
emulsions contained phenol (0.25 per cent), and both were heated at 
60 C. for forty-five minutes to destroy autolytic enzymes. The monkeys 
were given three 1 cc. doses intramuscularly either in the arm or in the 
leg at weekly intervals. A condition resembling acute disseminated 
encephalomyelitis with demyelination was produced rapidly after injec- 
tion of the brain emulsion material only. 


[Ep. Note.—This use of an adjuvant in poliomyelitis was attempted 
by Toomey in 1934 **%* and later in attempts to produce a poliomyelitis 
serum.**5] 

Rivers, Sprunt and Berry *** demonstrated that repeated intramus- 
cular injections of brain extract and brain emulsions into 8 monkeys 
were followed in two instances by an inflammatory reaction accompanied 
with demyelination in the central nervous system. The objective in 
these experiments was to produce acute disseminated encephalomyelitis 
in monkeys. 

Schwentker and Rivers *** demonstrated that repeated injections of 
autolyzed brain material can produce paralysis in rabbits, but at the time 
they were unable to demonstrate lesions in the nervous system to account 
for its occurrence. 

The same authors *** attempted to determine whether injections of 
emulsions and extracts of rabbit brain had any observable effect on the 
central nervous system. Monkeys received numerous intracerebral 
injections, as many as eighty-five. Paralysis was produced in some 
animals. These workers proved that repeated injections of aqueous 
emulsions and alcohol ether extracts of sterile normal rabbit brains 
produced pathologic changes accompanied by myelin destruction. 

Morgan *** used Freund’s technic—adjuvants and similar means— 
to produce allergic encephalitis in monkeys. 

Ferraro and Jervis *** injected fresh aqueous emulsion and alcohol 
and ether extracts of rabbit brain into monkeys, repeating the experiments 
of Schwentker and Rivers and co-workers and getting the same results. 


353. Footnote 328 b, c and d. 
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Myelin Destruction Experimentally Produced in Monkeys, J. Exper. Med. 61: 
689-702 (May) 1935. 

357. Morgan, I. M.: Allergic Encephalomyelitis in Monkeys in Response 
to Injection of Normal Monkey Cord, J. Bact. 51:614 (May) 1946. 
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Kabat, Wolf and Bezer **® used Aquaphor, liquid petrolatum and 
tubercle bacillus plus phenol to produce quickly disseminated encephalo- 
myelitis. Three intramuscular injections were given once a week, with 
perhaps a second series of injections. 1. A picture resembling acute 
disseminated encephalomyelitis in human beings has been regularly and 
rapidly produced in rhesus monkeys by injection of emulsions of adult 
rabbit and monkey brain. 2. No lesions of the central nervous system 
resulted from injection of similar emulsions of fetal rabbit brain or 
adult rabbit lung. 3. A description of the gross and histologic changes 
in the central nervous system is given and compared with features of 
human demyelinating disease. 4. The experimental findings are in 
accord with the hypothesis that antibody to the injected brain emulsion 
reacts with the tissues of the nervous system of the animal to produce 
the pathologic changes. 

Morgan *®° initiated a study to enhance antibody responses to polio- 
myelitis virus, but sensitization to the menstruum of the central nervous 
system overwhelmed the anticipated results. 

By subcutaneous injection of central nervous tissue emulsified with 
adjuvants according to Freund’s technic it has been possible to induce 
in the majority of monkeys an acute disseminated encephalomyelitis 
which is interpreted as an isoimmunization to tissue in the central nervous 
system. Positive reactions occurred only in response to tissue of the 
central nervous system containing white matter, i. e., cerebral white 


matter, spinal cord (whether normal or infected by poliomyelitis) and 
cortical “gray” matter (with an estimated 10 per cent contamination with 
white matter). No reaction occurred when peiipheral nerve or kidney 
suspension or saline alone was injected with adjuvants. The perivas- 
cular and extravascular infiltration induced was confined to the central 


nervous system. 

Milzer and Byrd,** using autolyzed brain tissue, enhanced the chances 
of isolating poliomyelitis virus in unknown cases. 

Autolyzed brain tissue diluent shortens the incubation period and 
facilitates the transfer of poliomyelitis virus to CF W Swiss mice, hams- 
ters and rhesus monkeys. The Leon monkey passage strain of polio- 
myelitis virus was successfully adapted to CFW Swiss mice by means of 
this technic. 


359. Kabat, E. A.; Wolf, A., and Bezer, A.: The Rapid Production of 
Acute Disseminated Encephalitis in Rhesus Monkeys by Injection of Hetrologous 
and Homologous Brain Tissue with Adjuvants, J. Exper. Med. 85:117-130 (Jan.) 
1947. 

360. Morgan, I. M.: Allergic Encephalomyelitis in Monkeys in Response to 
Injections of Normal Monkey Tissue, J. Exper. Med. 85:131-140 (Jan.) 1947. 

361. Milzer, A., and Byrd, C. L.: Autolyzed Brain Tissue as a Means of 
Facilitating Transmission of Experimental Poliomyelitis, Science 105:70-72 (Jan. 
17) 1947. 
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Since this manuscript was submitted they have isolated several strains 
of poliomyelitis virus from infected human feces and spinal cords in 
CFW Swiss mice by means of this technic. 

Nelson *** postulates unacceptable majors and minors in order to 
complete his syllogism; edema has not been accepted by all as a major 
pathologic finding; perivascular infiltration does not point to actual 
initial circulatory involvement per se. Perivascular infiltration may 
even be absent. Its presence depends on the severity and rapidity with 
which the disease is produced. 

Some of the dictums formulated, although true in themselves, are 
irrelevant and inapplicable to the point at issue. 

The writer calls attention to the fact that the left arms are more 
involved than the right. It seems incongruous that in one breath 
activity is mentioned as a possible activating intrinsic factor and 
just previously it is called to our attention that the less active muscles 
(the left arm) are actually involved three times as often as those in the 
right arm. It usually is the right arm that is more active. We would 
challenge the statement that the limitation of paralysis to the arms is a 
rare distribution. No one denies the occurrence of poliomyelitis in one 
whose arms were used as paddles, but this evidence is irrelevant, as is 
also the evidence from the next instance quoted. It is recognized by all 
experts of the disease that if a joint is injured the muscles about or to 
this joint may be involved if poliomyelitis occurs subsequently, but what 
does circulation in and about a joint have to do with circulation in the 
cord? The abstracter has given injections to thousands of persons in 
immunization programs and has never seen poliomyelitis develop 
subsequently and would want to have more evidence than that presented 
before believing that there is any connection. 

The reference to Sister Kenny’s work is inapplicable. The author 
frankly states that they are attempting to alter circulation of the spinal 
cord in animals and human beings with poliomyelitis with a view toward 
altering the course of the disease. Paravertebral block is one method. 
That this would affect muscle vascular supply is possible, but the evidence 
the author submits for the reason for such an operation is meager. It 
does not follow that after such an operation the circulation of the cord 
is affected as is the peripheral circulation. The author is correct when he 
states that the results are too inadequate to warrant the conclusion that 
block is treatment for poliomyelitis. 


Faber and Silverberg *** describe the histopathology in 8 patients | 


with poliomyelitis who died in the San Francisco Bay district during 


362. Nelson, N.: Spinal Cord Circulation in Poliomyelitis, Science 104: 
49-50 (July 19) 1946. 

363. Faber, H. K., and Silverberg, R. J.: A Neuropathological Study of Acute 
Human Poliomyelitis with Special Reference to the Initial Lesion and to the 
Various Potential Portals of Entry, J. Exper. Med. 83:329-352 (April) 1946. 


1 

\ 


476 ARCHIVES OF SURGERY 


1943 and 1944. Excellent diagrams accompany this article, especially 
those which tend to illustrate spread from the mucosa to the central 
nervous system. The authors attempted to trace the pathway of the 
virus and by pathologic and other collected evidence (clinical and other 
material) to point to the probable portal in each instance. Doubtless in 
the matter of deaths reported all one could say was that these patients had 
the probable entry described. As the authors state, in 5 cases the portals 
were primary bulbar and in 3 they were primary spinal in type. The 
authors cite Hart and Bodian “that in some instances the initial entry 
into the central nervous system was bulbar and in some, spinal,” with 
which conclusion the authors agree, adding that from their data the 
former, i. e., the bulbar, appears to be the more frequent portal. 

[Ep. Note.—We do not think that this conclusion should follow, since 
we do not know whether this is the portal of entry in numerous patients 
other than those who have died. If the conclusion were qualified by the 
phrase “This is the portal of entry in the cases described” agreement 
would be obvious. ] 


XI. POLIOMYELITIS: CONVALESCENT TREATMENT AND 
RELATED SUBJECTS 
Prepared by 
ROBERT L. BENNETT, M.D. 
WARM SPRINGS, GA. 


The following articles concerning the treatment of patients in the 
convalescent phase of acute anterior poliomyelitis are divided into three 
groups: I. diagnosis and early treatment ; II. methods of relieving spasm, 
pain and contracture, and III. surveys of epidemics and series of patients. 


I. Diagnosis and Early Treatment—MclIntosh and _ others ** 
present the problems of treating poliomyelitis in view of present stand- 
ards. They point out that accuracy of diagnosis is an important factor 
in planning a program of treatment. They recommend the adoption of 
controls if the sampling method of treatment is to be utilized and suggest 
the alternate case method. Standardization of evaluation of muscles is 
urged in order that an objective assessment of muscular strength may be 
obtained early in the course of the disease ; to effect such a standardiza- 
tion, the “zero” through “normal” terms and symbols are recommended. 
There is a need for devising new forms for evaluation of the status of 
patients with after-effects of poliomyelitis ; several methods are offered 

“for consideration. 


364. McIntosh, R., and others: Evaluation of Results of Treatment in Infan- 
tile Paralysis (Committee on Standards of Scientific Advisory Committee of 
National Foundation for Infantile Paralysis), J. A. M. A. 128:21-22 (May 5) 
1945. 
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Toomey *®* states that the objectives of treatment are the avoidance 
of deformities, maintenance of circulation and reeducation of muscles. 
Early and persistent physical therapy in the hands of an intelligent and 
- well trained personnel produces better results than application of casts 
over a long period. Pain is of limited duration; it is best relieved with 
hot, moist heat. The Kenny technic is better than that of rigid immobili- 
zation, but it is not superior to other methods of early treatment; the 
results are “not due to any particular therapy but to persistent physio- 
therapy.” 


Sweet **° has found in three fourths of all patients the typical pro- 
dromal signs of headache, fever, vomiting, nuchal and back rigidity and 
cerebrospinal fluid with leukocyte count averaging 200 to 400 cells and 
with increased protein content. The diagnosis may be made, however, in 
the presence of a normal spinal fluid. Trauma, infection, toxic sinusitis, 
vitamin deficiencies, meningitis, serous meningitis, meningismus and 
hysteria are conditions which must be ruled out. Spinal respiratory 
paralysis is treated in the respirator; later the patient is gradually 
weaned away from its use. Patients with bulbar paralysis are put into 
the Trendelenburg position, aspiration is done frequently, nothing is 
given by mouth and oxygen is used as necessary. In a series of 60 
patients with bulbar and respiratory paralysis, there were fifteen early 
and seven late deaths when these principles were followed. 


Johnson *** expresses the opinion that all muscles should have three 
months of careful and painstaking protection, consisting in early splint- 
ing, passive motion when the muscle power is below 50 per cent and 
early reeducation of the muscles. Accurate tests of the muscle were 
made at three month periods in a group of cases from the 1941 epidemic 
in Baltimore. Johnson feels that an accurate prognosis can be made at 
the end of the first three months as follows: 1. Muscles which have not 
recovered to 30 per cent will have no return of useful power. 2. Muscles 
with a return to 80 per cent will have satisfactory function with no treat- 
ment except general supervision. 3. Muscles with a return between 30 
per cent and 75 per cent deserve painstaking care for at least a year. 
No appreciable recovery continues beyond eighteen months. Regression 
can occur with overfatigue and too early removal of support. 


365. Toomey, J. A.: Present Status of Early Treatment of Poliomyelitis, 
Wisconsin M. J. 44:780-785 (Aug.) 1945. 

366. Sweet, L. K.: Acute Anterior Poliomyelitis: Diagnosis, Differential 
Diagnosis and Treatment of Bulbar Paralysis and Respiratory Failure, M. Ann. 
District of Columbia 14:501-504 (Nov.) 1945. 


367. Johnson, R. W., Jr.: Results of Modern Methods of Treatment of Polin- 
myelitis, J. Bone & Joint Surg. 27:223-226 (April) 1945. 
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Wiley *** presents an apparently original method of treating polio- 
myelitis. “consisting principally of a very low calcium intake and admin- 
istration of sodium acid phosphate.” This treatment is based on the 
premise that the virus grows best in the alkaline medium of the duode- 
num, where calcium is released from solution. Eleven patients treated 
with this regimen, plus hot packs-and physical therapy, are reported ; 
all patients showed an unbelievably rapid improvement. Several years’ 
trial of this procedure must be made before the end results can be eval- 
uated. 


Early in the acute course of the disease the application of some form 
of splinting or protection, such as a brace, footboard or splint, is advocated 
by Heyman.*®® A proper balance between protection and exercise should 
be maintained, and overstretching of weak muscles should be avoided. 
The splint should be used to prevent stretching, contracture and fatigue 
until the patient has made his maximum recovery. 


Key **° states that poliomyelitis is self limited and that if deformities 
are prevented the end result is determined largely by the damage done 
to the motor cells during the acute febrile stage. Many patients recover 
completely without treatment, while others remain extensively paralyzed 
in spite of the best treatment. He advocates the following treatment for 
the various stages: (1) in the acute stage, rest and immobilization in 
plaster casts, which are removed once or twice each day for passive 
motion; (2) in the convalescent stage, reeducation of the muscles and 
stretching, and (3) in the chronic stage, application of braces and use 
of surgical treatment. 

Funsten *"* analyzes the original Kenny concept and its subsequent 
modifications. He recognizes a personality factor in the wide acceptance 
of Sister Kenny’s methods but gives her credit for stimulating interest in 
the use of physical therapy. He recommends use of her methods in 
general but abandonment of her “ritual” and urges the use of braces and 
surgical treatment when indicated. 


Schmier **? describes an apparatus which is designed to supplant the 
manual testing of all muscles which rate “2” (poor) or better. It con- 


368. Wiley, B. C.: Preliminary Report: Low Calcium Treatment of Polio- 
myelitis, Ohio State M. J. 41:1103-1106 (Dec.) 1945. 

369. Heyman, C. H.: When Should Poliomyelitis Patient Be Splinted? Ohio 
State M. J. 41:432-436 (May) 1945. 

370. Key, J. A.: Indications for and Limitations of Treatment of Poliomye- 
litis, J. Pediat. 26:265-272 (March) 1945. 

371. Funsten, R. V.: Influence of Sister Kenny Publicity on Treatment of 
Poliomyelitis, Virginia M. Monthly 72:403-406 (Oct.) 1945. 

372. Schmier, A. A.: Research Work on a More Precise Method of Deter- 
mining Muscle Strength in Poliomyelitis Patients: New Muscle Tester, J. Bone 
& Joint Surg. 27:317-326 (April) 1945. 
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sists of a table from which triangular sections can be removed, permitting 
one end of the table to swivel on a ball-bearing joint. Around the edge 
of the table is placed a rail, to which various splints may be attached. 
With gravity and friction eliminated so far as possible, the force 
required to move a bodily segment through a given range is measured on 
a circular spring scale. 


II. Methods of Relieving Spasm, Pain and Contracture —Fox and 
Spankus ** studied the effect of neostigmine on muscles in spasm in 24 
patients with acute poliomyelitis. The degree of daily relaxation of the 
involved muscles was determined by measurement of increases in pas- 
sive motion one hour and seven hours after administration of the drug. 
Results, including the total amount of relaxation, were compared from 
day to day. Both this group and a control group of 6 patients were 
treated also with hot fomentations. Neostigmine caused a partial relaxa- 
tion, which was neither pronounced nor constant and which was charac- 
terized by irregularity. It was concluded that the combined use of 
neostigmine with hot fomentations resulted in a persistent and perceptible 
relaxation of muscles in most of the cases of acute anterior poliomyelitis. 

Brainerd *** and his colleagues report observations on 100 cases of 
acute poliomyelitis in San Francisco in 1944 and 1945. They conclude 
that muscle spasm is of uniform occurrence in the early case and is of 
great diagnostic value. It does not appear to be due primarily to 
meningeal irritation; its role in the causation of muscular weakness is 
proved. Neostigmine relaxed spasm, at least temporarily, and the value 
of medication continued past the acute stage warrants further trial. The 
study “gave no proof or disproof that either neostigmine or Kenny 
packs reduce the incidence of paralysis.” 

Eveleth and Ryan *** report their use of neostigmine in 12 cases of 
poliomyelitis, beginning eighteen days after the onset, in addition to 
the Kenny form of therapy. The results were compared with those 
reported by Kabat and Knapp ** in 1943. There was definite relief 
of muscle spasm, as indicated by an increased range of passive motion 
one hour following the initial subcutaneous dose of neostigmine. After 
a four week period of neostigmine given orally three times a day, there 
was little further decrease of spasm. In the series of Kabat and Knapp, 


373. Fox, M. J., and Spankus, W. H.: Value of Neostigmine in Acute 
Anterior Poliomyelitis, J. A. M. A. 128:720-722 (July 7) 1945. 

374. Brainerd, H.; Katz, H. J.; Rowe, A. P., Jr., and Geiger, J. C.: Clinical 
Manifestations of Poliomyelitis: Treatment with Neostigmine and Kenny Method, 
J. A. M. A. 128:718-719 (July 7) 1945. 

375. Eveleth, M. S., and Ryan, A. J.: Prostigmine in Acute Anterior Polio- 
myelitis, Yale J. Biol. & Med. 17:351-357 (Dec.) 1944. 

376. Kabat, H., and Knapp, M. E.: The Use of Prostigmine in the Treatment 
of Poliomyelitis, J. A. M. A. 122:989-995 (Aug. 7) 1943. 


lio- 
the 4 
de- 
ited 
ed ; 
ars’ 
val- 
rm 
ited 
led. 
gue 
ties 
one 
ver 
zed 
for & 7 
sive 
and = 
use 
ent 
nce 
t in a 
in 
and a 
the 
on- 
slio- 
nye- 
t of 
ter- 
sone 


480 ARCHIVES OF SURGERY 


there was a greater decrease of spasm following the oral administration 
of the drug; however, in their patients this treatment was not begun 
until six months after the onset. 

Watkins and Brazier **? measured muscle spasm in patients with 
acute poliomyelitis by quantitation of the electrical discharges after five 
seconds of passive stretching by known weights. Twenty minute appli- 
cations of hot packs, infra-red radiation and short wave produced no 
great change. Luminous heat and neostigmine caused a decrease in 
spasm of approximately 25 per cent; this was not considered sufficient 
to indicate a specific effect on the spasm. Irritability occurred in 
paralyzed muscles as well as in those without paralysis; there was no 
direct correlation between the degree of hyperirritability to stretching 
and the degree of paralysis. 

Bahlke and Perkins *** report on the administration of gamma glob- 
ulin, in maximum dosage adjusted by weight, to 56 patients with pre- 
paralytic poliomyelitis at Elmira, N. Y., in 1944. Fifty-five patients 
were used as a control group, and all patients received some physical 
therapy. All 111 patients were observed for six months after the onset. 
Detailed analyses of the muscles were made at two month intervals. 
As these analyses showed no difference in the two groups, it was 
concluded that the serum was ineffective. 

Ransohoff *** gives a report of 29 patients with the disease in the 
acute stage treated with intocostrin. Electromyographic studies on 
patients show that the action currents of muscles at rest can be dimin- 
ished by means of administration of intocostrin and intensive stretch- 
ing and can be increased on effort after administration of intocostrin. 
The dosage of intocostrin was 0.9 unit per kilogram every eight hours 
for the first twenty-four hours, followed by 1.5 units per kilogram until 
muscle spasm disappeared. Intensive stretching was done three times 
a day; the remainder of the day was taken up with rather strenuous 
gymnastic exercises. Walking was instituted as early as possible. In 
this series, reported before any follow-up visits, there were no fixed 
deformities, contractures, scolioses or pelvic obliquities. 

Smith,**° in answer to Ransohoff, urges extreme care in the use of 
curare in acute poliomyelitis, because it is a powerful agent in causing 


377. Watkins, A. L., and Brazier, M. A. B.: Observations on Muscle Spasm 
in Poliomyelitis: Electromyographic Studies on Effect of Various Forms of 
Thermal Therapy and of Prostigmine, Arch. Phys. Med. 26:325-328 (June) 1945; 
correction, ibid. 26:775 (Dec.) 1945. 

378. Bahlke, A. M., and Perkins, J. E.: Treatment of Preparalytic Polio- 
myelitis with Gamma Globulin, J. A. M. A. 120:1146-1150 (Dec. 22) 1945. 

379. Ransohoff, N. S.: Curare in Acute Stage of Poliomyelitis: Preliminary 
Report, J. A. M. A. 129:129-130 (Sept. 8) 1945. 

380. Smith, S. M.: Warning Concerning Promiscuous Use of Curare in 
Poliomyelitis, J. A. M. A. 129:707 (Nov. 3) 1945. 
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peripheral neuromuscular paralysis. He lists three conditions which 
should be fulfilled before the drug is administered: 1. The physician 
‘must have had experience with curare and be familiar with its phar- 
macologic action. 2. Antidotes such as neostigmine and ephedrine 
should be ready for immediate use. 3. Apparatus for maintaining an 
adequate airway, including endotracheal equipment and oxygen, should 
be available, and the physician should be skilled in their employment. 

Behrend *** discusses the use of the galvanic bath in subacute polio- 
myelitis. A series of 21 patients in the early convalescent stage was 
treated with the galvanic bath for periods of from ten to twenty minutes, 
three to six times a week. It was thought that spasm and pain decreased 
more rapidly than with other methods of treatment. The galvanic bath 


is an economical form of therapy, and no undesirable effects have been 
noted. 


III. Surveys of Epidemics and Series of Patients —Gudakunst *** 
reviewed the statistics on poliomyelitis for 1943. During that year 
there was a total of 12,429 cases, constituting the largest epidemic 
except for those of 1916 and 1931. This outbreak was localized in the 
southwestern and far western parts of the United States. Some of the 
counties had a case rate of 300 per hundred thousand population. Some 
figures may be misleading, since the health departments lack uniform 
methods of reporting; for example, the preparalytic and abortive con- 
ditions may be recorded in various categories. In 50 per cent of the 
reported cases some form of crippling develops; 25 per cent of the 
patients will have permanent paralysis, and 75 per cent will go on to 
complete recovery. Difficulty in diagnosis is due to vague, indefinite 
symptomatology, lack of specific laboratory tests and ignorance of the 
exact pathologic changes and of the prognosis. Communities should 
be organized to handle possible outbreaks. Cooperation between the 
public and the health agencies is needed if optimum care is to be pro- 
vided. 

Sherman *** reports a group of 70 cases studied during the 1943 
epidemic in Chicago. The patients were given only supportive medical 
care during the acute stage and were discharged at the end of that time 
(the average stay in the hospital was 17.9 days). The patient was 
regarded as a functional unit, without regard to reeducation of indi- 
vidual muscles. Walking was encouraged as early as possible. No 
mention is made of resultant deformities or postural defects. At the 


381. Behrend, H. J.: Pain Relieving Effect of Galvanic Bath in Subacute 
Poliomyelitis, Bull. Hosp. Joint Dis. 5:110-113 (Oct.) 1944. 


382. Gudakunst, D. W.: Infantile Paralysis, Physiotherapy Rev. 25:71-73 
(March-April) 1945. 


383. Sherman, M. W.: The Natural Course of Poliomyelitis: A Report of 
Seventy Cases, J. A. M. A. 125:99-102 (May 13) 1944. 
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end of a six month period it was estimated that 10 per cent would 
require braces or surgical treatment, 72.8 per cent had slight or no 
weaknesses and 8.6 per cent had functionally significant weakness ; the 
mortality rate was 8.6 per cent. 

Hansson and Straub *** made a survey of 158 patients whose onset 
of poliomyelitis occurred in 1944. Seventy-seven per cent were treated 
with hot fomentations, 12 per cent had only reeducation of the muscles 
and 11 per cent showed no improvement and required support; 11 per 
cent showed slight improvement and may require support; 19 per cent 
showed definite improvement and require no support, and 59 per cent 
returned to normal. Emphasis is placed on the need for close coopera- 
tion between all departments of a hospital, and the development of a 
new type of brace is urged. 

Gurewitsch and Thompson *** report a group of 29 patients treated 
by the Kenny method and followed for from twelve to thirty months. 
At the end of this period, 12 showed poor function of one or more 
extremities, and scoliosis was present in 7. A total of 17 patients had 
either poor function of one or more extremities or a significant deformity 
or both. Nine were dependent on braces for improved function. 


384. Hansson, K. G., and Straub, L. R.: A Report on Poliomyelitis Cases 
from Hospital for Special Surgery of New York City, New York State J. Med. 
46:1009-1014 (May 1) 1946. 

385. Gurewitsch, A. D., and Thompson, W. A. L.: Poliomyelitis Treated by 
Kenny Method: End Result Study of Twenty-Nine Cases, Arch. Phys. Therapy 
25:726-729 (Dec.) 1944. 


(To Be Continued) 
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